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SUMMARY 
Estuaries require sufficient quantity, quality and appropriate timing of freshwater inflow, 
referred to as environmental flow requirements, to ensure adequate health and functioning. In 
South Africa the environmental flow requirements of estuaries is determined using Resource 
Directed Measures (RDM). The present health and importance of an estuary must be 
considered when determining the ecological flow required to maintain an estuary in its desired 
state. An Estuarine Health Index that quantifies changes in abiotic and biotic components from 
natural conditions to present day is used. Health of biotic components is assessed according 
to changes in species richness, abundance and community composition. There has, however, 
been debate regarding the calculation of these attributes. In particular, for macrophytes, the 
inclusion of all habitat within the Estuarine Functional Zone (i.e. 5 m topographical contour) 
would affect the health and changes over time determined in past assessments. This is due 
to different areas being included as different areas would be included The aim of this study 
was to test the validity and suggest improvements to South Africa’s RDM macrophyte health 
score determination. The health of macrophytes were assessed at varying levels of intensity 
from desktop studies to thorough field studies. Rapid field studies provided a visual estimate 
of macrophyte health; while the intermediate and comprehensive assessments quantified 
change by mapping the distribution of macrophyte habitats from aerial photographs. These 
approaches were applied to the 64 estuaries within the Mvoti-Mzimkulu Water Management 
Area (WMA 11), situated in KwaZulu-Natal (KZN) on the subtropical east coast. Historically, 
these estuaries have supported restricted macrophyte habitats. Consequently, estuaries that 
presently or historically supported range limited habitats such as mangroves and swamp forest 
are considered important. Submerged macrophytes are scarce in KZN estuaries due to 
siltation and low turbidity and thus estuaries supporting this macrophyte habitat are also 
important. Based on available literature important estuaries were highlighted and selected for 
field studies. Transects spanning from the estuary water channel to the boundary of the EFZ 
provided a generalised distribution of KZN vegetation along an elevation gradient. The 
transition from estuarine to terrestrial vegetation can be used to improve the current EFZ 
boundaries, as estuarine area has been found to occur outside of the 5 m contour in some 
estuaries. Results from the desktop assessment indicated that most of the estuaries are 
moderately modified. There was a 50 % similarity in the macrophyte health scores determined 
by the desktop assessment to the 2011 National Biodiversity Assessment (NBA). Field studies 
mostly confirmed the desktop assessment aside from seven estuaries that had different 
scores. There has been a significant loss of macrophyte habitat with 100 % loss of certain 
habitats from 9 of the 22 estuaries for which there were field assessments. Submerged 
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macrophytes were not found at any of the estuaries that were assessed in the field. Black 
mangroves, Bruguiera gymnorrhiza (L.) Lam., were rediscovered at Ngane Estuary, however 
the few individuals could not be considered a ‘mappable’ community (i.e. <0.5 ha). Mtamvuna 
and Mkomazi estuaries both supported small stands of mangroves that, compared to data 
from 2006, appeared healthy. Macrophyte habitats and surrounding coastal forest matched 
the species composition described in the Vegetation Map of South Africa. The freshwater 
mangrove or Powder puff tree, Barringtonia racemosa (L.) Roxb, was not abundant in the 
estuaries. It was only found at four (Damba, Fafa, Little Amanzimtoti and Mvoti) of the 
estuaries that were assessed in the field. Important estuaries, from a botanical perspective, 
included some of the larger estuaries such as Mgeni, Durban Bay and Sipingo. Smaller, 
healthier estuaries that presently support mangrove and swamp forest habitat were also 
identified as important from a botanical perspective. Macrophyte habitats have mainly been 
lost due to non-flow related pressures. Sugarcane cultivation occurred within the floodplain of 
25 % of the estuaries. Nutrient enrichment was evident for 12.5 % of the estuaries and reed 
encroachment was evident for 27 % of estuaries for which there were field assessments. 
Development, aside from the N2 road bridges, was evident for 40 % of the estuaries assessed 
in the field. Invasive plant species, including aquatic invasive plants, were present in all 
estuaries assessed in the field. The extent of invasive plant species was related to the degree 
of disturbance and surrounding land use pressures. The Mkomazi and Mvoti estuaries that 
were assessed at a comprehensive level, as they have earmarked for further water 
abstraction, had the poorest macrophyte health scores. The macrophyte health of these 
estuaries was much lower than previously determined by the NBA. The decline in health was 
attributed to the removal of macrophyte habitat for sugarcane cultivation and development as 
well as displacement by invasive plant species. The areas covered by the macrophyte habitats 
also differed from the NBA highlighting the importance of updated mapping and ground 
truthing. Largely differing macrophyte health scores were produced when attributes were 
calculated using different combinations of macrophyte habitats. Results indicate that only 
macrophyte habitats and no other floodplain vegetation should be included when calculating 
abundance. All macrophyte habitats, physical habitats and floodplain should be incorporated 
when calculating community composition. The minimum of these attributes is used as the 
overall macrophyte health score as a precautionary approach is followed. Scoring of health is 
subjective and the only benchmark for determining the most appropriate method is comparion 
with previous RDM studies. This study illustrates the need for a standardised RDM scoring 
method that is presented in a manner that ensures the same results irregardless of the 
speciliast conducting the study.   
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The updated estuary health and importance scores for WMA 11 are necessary to inform 
management, particularly as few of the estuaries receive formal protection. In conclusion, this 
study contributed to the limited knowledge of the estuaries of WMA 11 and assisted in 
determining appropriate methods for assessing the health and importance of estuary 
macrophytes.  
Keywords: Botanical importance, environmental flow requirements, Estuarine Health Index, 
macrophyte health, mangroves, Mvoti-Mzimkulu Water Management Area, Resource Directed 
Measures. 
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I will open up rivers for them on the high plateaus. 
I will give them fountains of water in the valleys. 
I will fill the desert with pools of water. 
Rivers fed by springs will flow across the parched ground. 
I will plant trees in the barren desert— 
cedar, acacia, myrtle, olive, cypress, fir, and pine. 
I am doing this so all who see this miracle 
will understand what it means— 
that it is the Lord who has done this, 
the Holy One of Israel who created it. 
Isaiah 41:18-20 
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1 INTRODUCTION 
The natural variability of estuaries (i.e. hydrodynamics, sediment dynamics and 
biogeochemistry) is primarily driven by freshwater inflow (Kimmerer, 2002). Aquatic 
ecosystems (rivers, wetlands and estuaries) receive reduced freshwater inflow as water is 
required to sustain the ever increasing human population (Borja & Dauer, 2008; Montagna et 
al., 2013). Coastal areas have become degraded by anthropogenic activities. Environmental 
Water Requirements (EWRs), also referred to as environmental/ ecological flow assessments 
and ecological reserves determinations, address the water regime (quality, quantity and 
timing) required to maintain the functioning and health of aquatic ecosystems (King et al., 
2005; Montagna et al., 2002; Yang et al., 2005; Arthington et al., 2006; Adams, 2012). 
Internationally the EWRs of aquatic ecosystems have received little consideration in water 
resource planning and management (Adams, 2013).  
South Africa’s National Water Act (Act 38 of 1998) recognises that water is a national asset 
and that reserves need to be allocated to meet basic human needs and the environment, 
before water can be utilised by the different users (DWA, 2012). Resource Directed Measures 
(RDM) fulfils this requirement of the National Water Act as a scientifically defendable and 
repeatable ecosystem approach to determining EWRs. This method, developed in 1999, has 
been progressively applied to over 10 % of the country’s estuaries.  Determination of reserves 
and effective management of estuaries requires an understanding of its present state and 
importance. Recent and complete data are required to accurately determine the present state 
and importance of estuaries. The Estuarine Botanical Database has attempted to assimilate 
all available data on macrophyte habitats, area cover and species composition for South 
Africa’s estuaries.  
Estuary health was defined by van Niekerk and Turpie (2012) as the maintenance of 
ecosystem structure and function, including natural variability and resilience, on a landscape 
scale. As part of South Africa’s RDM procedure an Estuarine Health Index was designed to 
determine estuary health, referred to as its Present Ecological State. The Estuarine Health 
Index scores health based on changes in abiotic (hydrodynamics, sediment dynamics and 
water quality) and biotic (microalgae, macrophytes, invertebrates, fish and birds) components 
from natural condition to present day (Turpie et al., 2012a). Estuary importance is based on 
an estuary’s ability to maintain ecological diversity and functioning on local and broader scales 
(Turpie et al., 2004). It is a relative measure that cannot be determined in isolation and thus 
country wide importance assessments are produced and finalized during RDM studies.  
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Estuaries support a high diversity of habitat types including physical habitats (open water, 
sand/mudflats and rock) and macrophyte habitats (salt marsh, mangroves, submerged 
macrophytes, reeds and sedges) (Adams et al., 2012). Estuary macrophytes are highly 
productive and provide shelter (nursery function) and food to other estuarine biota. 
Macrophytes trap and recycle nutrients thus improving water quality as well as assist in the 
attenuation of storm events (Adams et al., 1999). Macrophytes have been extensively used 
as indicators of estuarine health as they are widely distributed and are sensitive to small 
variations in environmental stress (Salas et al., 2006; Heink & Kowarik, 2010). Changes in 
macrophyte abundance and distribution, which can easily be mapped from aerial photographs, 
are indicators of changing physico-chemical characteristics and water quality. For example, 
reed expansion is an indication of nutrient enrichment (Human & Adams, 2011; Kettenring et 
al., 2011).  
The Department of Water Affairs in accordance with the National Water Act conducted an 
RDM study on selected surface water, ground water, estuary and wetland resources within 
the Mvoti to Mzimkulu Water Management Area (WMA 11) (DWA, 2013). A desktop 
assessment determining the Present Ecological State of all WMA 11 estuaries was required. 
Two of the larger estuaries, Mkomazi and Mvoti, have been earmarked for further water 
abstraction and thus high confidence assessments were needed. WMA 11 contains 64 
estuaries occurring between Mtamvuna Estuary, near Port Edward, and Zinkwasi Estuary, on 
the KwaZulu-Natal (KZN) north coast. Situated on the subtropical east coast of South Africa 
the Mvoti to Mzimkulu WMA receives high summer rainfall. Supplying the large populations (> 
7 million people) of the Pietermaritzburg and Durban municipalities has, however, resulted in 
water deficits (DWAF 2001; DWAF 2004). According to the 2011 National Biodiversity 
Assessment (NBA) (van Niekerk & Turpie, 2012), only a third of the estuaries situated within 
WMA 11 estuaries are considered to be in a good ecological condition. Aside from flow 
modification the estuaries have been degraded by development and pollution (Begg, 1978; 
Mucina & Rutherford, 2006; Forbes & Demetriades, 2009; van Niekerk & Turpie, 2012). 
The majority of estuaries situated within WMA 11 are small, temporarily open/closed estuaries 
(TOCEs) that have been regarded as functionally unimportant. Historically these estuaries 
supported little macrophyte habitat as they tend to be perched (i.e. during closed conditions 
the water level rises above mean sea level) with steep channels and narrow riparian areas 
(Harrison et al., 2000). Freshwater conditions support the proliferation of reeds and swamp 
forest. Salt marsh and mangroves, however, have restricted distributions as they require tidal 
inundation and specific salinity conditions (Adams et al., 2012; DWA, 2013). Submerged 
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macrophytes are not abundant in KZN estuaries due to their intolerance to smothering or light 
disturbance caused by turbidity and silt deposition (DWA, 2013). 
The estuaries of KZN are significantly different to those found along the Mozambique or 
Transkei coastline due the nature of the geomorphological, climatic regimes and contributing 
watersheds (Begg, 1978). There is a paucity of literature regarding the estuaries of WMA 11 
with the most comprehensive data collected by Begg (1978; 1984) in a baseline survey of KZN 
estuaries. Recent studies have focussed on the estuaries situated near the Durban 
Metropolitan (Forbes & Demetriades, 2009). Few WMA 11 estuaries receive any formal 
protection (Turpie et al., 2012b). It is imperative to gain an improved understanding of these 
estuaries as their health has likely declined since Begg’s surveys. Climate change will cause 
further deterioration. Updated baseline data are required to ensure proper management that 
will maintain estuary health and functioning and prevent the loss of rare and sensitive biota. 
The aim of this study was to test the validity and suggest improvements to South Africa’s RDM 
macrophyte health score determination. The health of macrophytes were assessed at varying 
levels of intensity from desktop studies to thorough field studies. Confidence was tested by 
applying the scoring methods to the 64 estuaries situated within WMA 11. A desktop 
assessment using available literature was used to determine macrophyte health and 
importance of all 64 estuaries. The confidence of the desktop assessment was verified by field 
assessments of estuaries reported to historically or presently support mangroves, swamp 
forest and submerged macrophyte habitat. These macrophyte habitats are considered 
important as they have restricted distributions and large areas has been lost over time. Field 
assessments were conducted at varying intensities (rapid, intermediate and comprehensive) 
as summarised in Figure: 1.1. Rapid assessments visually estimated the presence of 
macrophyte habitats and the extent of disturbance and invasive plant species from a static 
location. Aerial photographs were used to map the distribution and area covered by 
macrophyte habitats for the estuaries that were assessed at intermediate and comprehensive 
levels. Transects spanning from the estuary channel to the 5 m topographical contour were 
placed in the lower, middle and upper reaches of the estuaries that were assessed at an 
intermediate level. In the comprehensive assessments the entire estuary was ground truthed.  
Macrophyte health was calculated using the Estuarine Health Index that assesses changes in 
species richness, abundance and community composition from natural to present day. Natural 
or reference condition refers to roughly 100 years ago when the estuaries were not under 
anthropogenic influence. The macrophyte health scores obtained were compared to those of 
the NBA. Transect data provided a general distribution of KZN vegetation along an elevation 
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gradient. The transition from estuarine to terrestrial vegetation can potentially be used to 
improve the accuracy of the Estuary Functional Zone (EFZ) boundaries. In South Africa the 5 
m topographical contour, hereafter referred to as the 5 m contour, is used as the lateral 
boundary of the EFZ (van Niekerk & Turpie, 2012). Macrophyte habitat has been found to 
occur outside of the 5 m contour of some estuaries and thus this technique requires further 
refinement to ensure all estuarine habitat is protected. This may be due to inaccurate mapping 
of the contour. 
Transect data quantified the extent of alien plant invasion in the estuaries. A disturbance rating 
was designed and applied to sampled estuaries to determine the extent of disturbance. 
Disturbance was related to surrounding land use pressures and the degree of alien plant 
invasion. The data obtained from this study contributes to the knowledge of KZN estuaries, 
especially the small TOCEs and should be used to inform future monitoring and Estuary 
Management Plans) as well as to update the next NBA. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure: 1.1: Study approach using different levels of assessment to determine macrophyte 
health and importance for the estuaries of the Mvoti-Mzimkulu Water Management Area. 
Intermediate field assessments using transects in eight KZN 
south coast estuaries 
 
Comprehensive field assessments for Mkomazi and Mvoti 
estuaries 
 
Rapid field assessments of 11 estuaries 
 
Desktop assessment of macrophyte health and importance of 
the estuaries within WMA 11 
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2 LITERATURE REVIEW 
2.1 Environmental Water Requirements of estuaries 
Demand for freshwater is continually increasing with growth of human populations. Almost half 
of the world’s population live in coastal areas and as a consequence these areas have been 
altered by human activities (Borja & Dauer, 2008). Advanced engineering has provided access 
to freshwater through the diversion of natural systems thereby greatly reducing the water 
entering aquatic ecosystems (rivers, streams, estuaries and the ocean) (Montagna et al., 
2013). According to the Millennium Ecosystem Assessment (MEA, 2005) the amount of water 
impounded has quadrupled since 1960. Postel et al. (1996) stated that humans utilise roughly 
54% of the runoff that is spatially and temporally available. Freshwater inflow is sometimes 
augmented by interbasin water transfers, agricultural return flow and stormwater inflow from 
urban areas (Lubke et al., 1997; Morant & Quinn, 1999; Pierson et al., 2002). Land use 
changes such as deforestation, cultivation and poorly planned urban development increase 
stormwater runoff resulting in increased freshwater inflow (Olsen et al., 2006; Adams, 2012). 
Climate change will further exacerbate the issue of reduced freshwater inflow as precipitation 
and temperature patterns will be affected. Increased evapotranspiration will create water 
deficits, increase saline conditions and further increase sediment and nutrient supply to 
estuarine waters (van Niekerk et al., 2012a). This will alter biotic zonation and availability of 
water for humans (Bates et al. 2008; Hirji & Davis, 2009; Pollack et al. 2009). In South Africa 
it is expected that plant and animal species will shift in an easterly direction due to increased 
aridity on the western half of the country (DEAE & RD, 2010). This will, however, shift ranges 
into more transformed areas and thus local extinctions may occur. Tidal gauge measurements 
in South Africa have indicated an increase in sea level by approximately 1.2 mm/yr over the 
last three decades (Govender, 2013a). This trend is expected to accelerate in the future thus 
resulting in increased coastal erosion, inundation of low lying land and estuaries, salt water 
intrusion into groundwater and raised groundwater tables.  
The need to ensure that aquatic ecosystems receive sufficient water to maintain adequate 
functioning and future persistence has only recently been realised. Since the 1980s The 
United States, Australia and South Africa have been leaders in advancing methodology used 
to determine EWRs. Numerous approaches using different indices, metrics and evaluation 
tools have been proposed and utilised in more than 50 countries worldwide (Arthington et al., 
2006.; Borja & Dauer, 2008). Historically, EWR studies focused on iconic species, often 
commercially important species, such as fish. There has since been an evolution from the 
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initial simplistic hydrological determinations to integrated ecosystem based approaches that 
incorporate numerous biotic and abiotic components (Borja et al., 2008). Most methods 
currently in use are holistic and adaptive recognising that it is necessary to provide water for 
aquatic ecosystems from source to sea and for all water-dependent ecological components 
(Arthington et al., 2006; Borja et al., 2008; Adams, 2012). 
Holistic methods integrate different ecosystem components such as geomorphology, hydraulic 
habitat, water quality, riparian and aquatic vegetation, macroinvertebrates, fish and other 
vertebrates (Arthington et al., 2006). Ecosystem based approaches are data intensive and use 
expert opinion from a range of disciplines. Ecosystem based approaches are usually 
developed through practical applications (i.e. a ‘learning by doing’ approach), are generally 
replicable and can transfer to other sites or systems (Dyson et al., 2003). Tharme (2003) 
considered holistic methods to be particularly appropriate for developing countries that require 
resource protection at an ecosystem scale due to the direct dependence of people on the 
goods and services provided by aquatic ecosystems.  
Implementation of EWR studies have been hampered by cost, expertise, an absence of long-
term monitoring datasets, and an inadequate understanding of the effects of changing 
freshwater inflow on estuaries (Moore, 2004; Montagna et al., 2013). Lack of legislation and 
inadequate institutional and governance arrangements prevents the effective management of 
estuaries (Adams et al., 2002; Lamberth et al., 2008; Whitfield et al., 2008; Hutchings et al., 
2010; Adams, 2012). The traditional methods employed for river and wetland studies could 
not be directly applied to estuaries and thus new approaches needed to be developed (Yang 
et al. 2005). Once determined implementation of ecological reserves is difficult, especially in 
catchments where water has been fully allocated. Reserving water in stressed catchments 
would require a reduction by reducing entitlements, finding additional water resources, or 
introducing efficiency gains (Lotz-Sisitka & Burt, 2006). 
2.2 Estuary health and importance 
Costanza (1992), Costanza and Mageau (1999) and Sherman (2000) described estuarine 
health based on diversity, productivity, biomass yield, resilience and stability. Forbes and 
Demetriades (2009) stated that estuary health is measured by determining if the key physical 
processes maintaining estuarine habitats are functioning; that the expected diversity of biota 
is present; and if the impacts from human degradation has caused unacceptable change to 
the estuary. Borja et al. (2012) stated that assessments of estuary health should consider 
ecosystem structure, function and processes through the linking of natural physical, chemical, 
geographic and climatic factors. Estuary health or condition is determined by assessing if 
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indicators of ecological conditions are within an acceptable range (Montagna et al., 2013). 
According to Costanza (1992) a measure or index of estuarine health should reflect the extent 
to which the present characteristics and functioning of an estuary deviate from the reference 
condition.  
Estuary importance is based on its ability to maintain ecological diversity and functioning on 
local and broader scales (Turpie et al., 2004). Importance is a relative measure that cannot be 
determined in isolation. The RDM method uses predetermined importance scores for each 
South African estuary based on the distribution of the country’s estuarine biodiversity (Turpie 
et al., 2004; Turpie & Clark, 2007). With the initiation of the RDM procedure in 1999 a method 
of determining an estuary’s importance score had to be relatively quickly devised using 
available data (Turpie et al., 2002). Overall importance was weighted according to attributes 
selected in a workshop setting of estuarine scientists (Turpie et al., 2002; Turpie et al., 2004; 
Turpie & Clark, 2007). These attributes include: size, rarity of physical habitats, functional 
importance, habitats diversity/rarity and biodiversity importance (plants, invertebrates, fish and 
birds) are weighted to produce an importance score. Functional importance considers estuary 
function including: input of detritus and nutrients, nursery for fish and crustaceans, corridor for 
breeding, stopover for birds, and roosting areas for birds. This attribute cannot be determined 
for a country wide spatial extent and thus is only addressed during RDM workshops (DWA, 
2012). 
The 2004 KZN State of the Environment report (DEAE & RD, 2010) provided a critique of 
previous South African health and importance indices. Begg’s reports (1978; 1984) were 
considered the most comprehensive and detailed examinations of estuarine condition. 
Heydorn’s (1986) assessment of the state of estuaries in the Cape and Natal and Whitfield’s 
(2000) assessments were largely based on the synthesis of available data and thus provided 
‘expert’ evaluations rather than quantitative assessments. Harrison et al. (2000) developed a 
limited integrative index that used geomorphology, ichthyofauna, water quality and aesthetics 
to provide a country-wide ‘snapshot’ of estuary health. Both Harrison et al. (2000) and Cooper 
et al. (1993) conducted field sampling with a large degree of overlap. Inconsistent terminology 
was used when combining categories into overall health values and estuaries with the same 
score were in some cases given different ratings (DEAE & RD, 2010). These inconsistencies 
suggest a degree of subjectivity making the ratings difficult to interpret. Therefore these 
measures are better for setting benchmarks for future comparisons rather than for estimating 
present trends. 
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2.3 Macrophytes as indicators of estuarine health 
Environmental/ ecological indicators refer to the qualitative or quantitative parameters that 
characterise the current condition of an element of the environment or are used to set 
environmental goals (Bortone, 2005; Aubry & Elliot, 2006; Marques et al., 2009.). Indicators 
are used for monitoring purposes because they represent quantifiable tools for the collection 
of information (McGwynne & Adams, 2004). Indicators should be sensitive to small variations 
in environmental stress (Heink & Kowarik, 2010) and represent an important environmental 
aspect. Bioindicators are often preferred above physico-chemical indicators, especially when 
assessing the effects of pollutants (Bermejo et al., 2011). Salas et al. (2006) stated that 
bioindicators should be applicable to extensive geological areas and in the greatest possible 
number of communities and ecological environments. Environmental indicators should have 
an agreed scientifically sound meaning; provide valuable information with a readily 
understandable meaning and assist the decision-making process by being efficient and cost 
effective in terms of use (Bortone, 2005; UNESCO, 2003; Borja & Dauer, 2008).  
Microalgae, invertebrates, fish and birds have been used extensively as indicators of estuarine 
health. Estuaries support a high diversity of habitat types including physical habitats (open 
water, sand/mudflats and rock) and macrophyte habitats (salt marsh, mangroves, submerged 
macrophytes, reeds and sedges, swamp forest) (Adams et al., 2012). Reeds and sedges 
occur on soft intertidal or shallow subtidal substrates with their photosynthetic portions partially 
and or periodically submersed (Adams et al., 1999). Swamp forest consists of low growing 
thickets that occur in sandy, waterlogged habitats near still or low flying freshwater bodies 
(Mucina & Geldenhuys, 2006). Mangrove forest refers to species-poor often monospecific low 
growing or shrubby forests growing in tidal, saline wetlands in bays and estuaries (Mucina & 
Geldenhuys, 2006). Mangrove habitat is restricted to the Indian Ocean coast spanning from 
Kosi Bay in KZN to Nahoon Estuary near East London, Eastern Cape. Submerged 
macrophytes are plants rooted in the substrate with their photosynthetic parts mostly 
submerged (Adams et al., 1999). Nationally, submerged macrophytes are the least abundant 
macrophyte habitat, occupying less than 2 % of total estuarine habitat (Adams et al., 2012). 
Estuaries in the subtropical regions of South Africa usually support reeds and sedges, swamp 
and mangrove forest and submerged macrophytes. The use of these macrophyte habitats as 
indicators of estuary health is thus described. Nutrient enrichment has been linked to the 
accelerated expansion of the common reed, Phragmites australis. A study by Human and 
Adams (2011) on the East Kleinemonde Estuary, determined that the density, biomass and 
nitrogen signatures of P. australis can be used as indicators of nutrient enrichment in 
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estuaries. This is especially relevant in situations where nutrients in the water column may not 
be particularly high, but have been biologically accumulated in reeds and sedges.  
The mechanisms of P. australis invasion were investigated by Kettenring et al. (2011) where 
it was found that seedlings and adults grew larger and produced more stems, florets and 
inflorescences when exposed to increasing nutrient levels. Reproductive ability of the reed is 
therefore improved resulting in rapid spreading. Dieback of reeds and sedges can indicate an 
increase in saline conditions as reeds prefer brackish conditions (<20). Freshwater seepage 
sites along estuaries can also be identified by the presence of reeds (Adams et al., 2012). 
Mangroves species are highly specialised to occupy intertidal, saline, muddy and oxygen 
depleted substrates along tropical coastlines (Rajkaran et al., 2009; Rajkaran, 2011). 
Mangroves occupy sensitive landforms that are poorly consolidated and therefore respond 
relatively quickly to change. Mangroves are highly affected by minor changes in hydrology or 
tidal regimes and can therefore be used as an early warning of coastal change (Blasco et al., 
1996; Schaeffer-Novelli et al., 2002). Sea level rise and its associated impacts may disrupt 
mangrove stands resulting in a landward movement of populations. Rapid change, primarily 
prolonged inundation, will cause the demise of mangrove habitat. Change in mangrove 
populations can be easily mapped from aerial photographs and remote sensing (Alongi, 2008). 
However, field assessments are necessary to determine the condition of mangrove stands. 
Mangrove population structure provides an indication of the state of the population. According 
to Dahdouh-Guebas and Koedam (2002) a mangrove forest consisting of seedlings and 
juveniles is in a colonising state, whereas that with only adults is in a state of decline. 
Submerged aquatic vegetation such as macroalgal communities have been used to detect 
changes in water quality (Doering et al., 2002; Bermejo et al., 2011; Beck et al., 2013). High 
chlorophyll a readings and an abundance of macroalgae biomass are indicators of water 
quality degradation (Bricker et al., 2008). Orfanidis et al. (2003) stated that the replacement of 
late-successional, perennial macroalgae or submerged macrophytes by opportunistic species 
is a reliable signal of eutrophication. Submerged macrophytes are rooted to the substrate and 
thus their health is dependent on the prevailing environmental conditions. Studying 
submerged macrophytes therefore provides an indication of changes in environmental 
conditions. Sampling of submerged macrophytes is relatively easy and inexpensive and 
species can be identified in the field (Steffen et al., 2014).  
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2.4 Impacts of changes in freshwater inflow on the functioning of estuaries  
The quality, quantity and timing of freshwater inflow affects the health and functioning of 
aquatic ecosystems (Montagna et al., 2002; Adams, 2012). Figure 2.1Figure: 1.1 
conceptualises the main impacts of altered freshwater flow on estuarine functioning. 
Freshwater inflow affects the hydrodynamics and mixing of fresh and saltwater in estuaries. 
Reduced flow enables sediment build-up forming sandbars that increase the frequency and 
duration of mouth closure (Estevez, 2002). Estuary length, inundation levels and residence 
time are impacted by freshwater inflow (Fohrer & Chicharo, 2012). Decreased variability 
affects the processes operating in the system as well as the biodiversity supported (Adams, 
2012). Trophic structure and the composition, abundance and richness of biotic components 
are affected by changing freshwater inflow (DWA, 2012; Turpie & Clark, 2007). Regulation 
and abstraction of freshwater has been attributed to the collapse of marine fisheries 
(Schlacher & Wooldridge, 1996; Adams, 2012). Recruitment of fish and crustaceans is 
influenced by changes in freshwater inflow. Increased inflow (i.e. lowered salinities) act as a 
migration cue and trigger spawning activities (Alber, 2002). 
Construction of dams upstream of estuaries attenuates floods and traps fluvial sediment thus 
affecting the physical shape and structure of the estuary through erosion and loss of habitats 
(Postel, 2000; Allanson, 2001). Small regular floods are necessary to scour estuary basins 
removing accumulated fluvial and marine sediment and resetting depth and salinity regimes 
(Schlacher & Woodridge, 1996; Allanson, 2001). Beaches and subtidal habitats are also 
affected by reduced freshwater inflow as less sediment is received altering morphodynamic 
states and biodiversity as well as accelerating beach erosion (van Ballegooyen et al., 2007). 
Freshwater inflow is the major driving force that maintains open mouth conditions of estuaries, 
especially small estuaries. Wave energy and sediment availability also influence mouth states 
(Whitfield & Bate, 2007). Tidal flow assists in maintaining permanently open inlets in large 
estuaries (>100 ha). Estuaries situated along rocky shorelines tend to remain open as 
sandbars cannot develop due to lack of sediment availability (Adams, 2012). The presence of 
headlands or reefs in the surf zone of an estuary mouth protects against wave action thereby 
preventing mouth closure (Taljaard et al., 2004). Without tidal exchange estuarine productivity 
declines due to zonation and plant diversity being influenced by tidal exchange (Schlacher & 
Wooldridge, 1996; DWAF, 2000). The nursery function of estuaries is hindered during closed 
conditions affecting the recruitment of invertebrates and fish. Permanently open estuaries 
(POEs) have been reported to close due to excessive freshwater abstraction (Schlacher & 
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Wooldridge, 1996). Increased freshwater inflow can increase the frequency of mouth 
breaching.  
 
Figure 2.1: Conceptual diagram illustrating typical impacts of changes in freshwater inflow on 
estuaries. 
Nutrient and organic matter are dynamic in estuaries due to the physical processes of mixing, 
flushing and sedimentation/re-suspension (Plumstead, 1990; Schlacher & Wooldridge, 1996). 
The quantity and timing of freshwater inflow, which supplies concentrations of dissolved and 
particulate matter, thus affects the water quality of estuaries (Alber, 2002). Reduced 
freshwater inflow supplies less nutrient and organic matter to estuaries resulting in lower 
estuarine productivity and shifts in trophic structure as sources become depleted (Schlacher 
& Wooldridge, 1996). Retention time, .i.e. the length of time materials remain in an estuary, is 
increased during periods of low inflow. Reduced flushing causes hypoxic conditions and the 
accumulation of toxins (Allanson, 2001; Whitfield & Bate, 2007; Adams, 2012).  
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Closed estuaries tend to become eutrophic as increased nutrients cannot be assimilated 
(Alber, 2002). Excessive nutrient input from anthropogenic sources has led to increased 
occurrences of eutrophication (De Villiers & Thiart, 2007; Halpern et al., 2008). Epiphytes, 
macroalgae and phytoplankton proliferate under high nutrient concentrations reducing light 
availability to submerged macrophytes (Schlacher & Wooldridge, 1996; Whitfield et al., 2012). 
Invasive, nuisance and toxic species also become more abundant under eutrophic conditions 
which affects trophic structure (Whitfield et al., 2012). Increased freshwater inflow delivers 
more terrestrially derived inorganic nutrients to the estuarine water, which has been correlated 
with increased phytoplankton chlorophyll a biomass. As the organic plant material produced 
under eutrophic conditions decomposes oxygen is depleted resulting in invertebrate and fish 
kills (De Villiers & Thiart, 2007). Bottom sediment may become anaerobic liberating toxins 
(trace metals, persistent organic pollutants, ammonia, chlorine, fluoride, cyanide, sulfides, 
phenols and aromatic hydrocarbons) that had been sequestered from the water column 
(Longley, 1994; Adams, 2012). Artificial breaching, whether mechanical or through releasing 
pulses of water from an upstream dam, is done to relieve these unfavourable conditions 
(Schlacher & Wooldridge, 1996; Adams, 2012).  
Reduced freshwater inflow coupled with high evaporation rates and low rainfall may result in 
hypersaline conditions (Whitfield & Bate, 2007). The extent and structure of the longitudinal 
and vertical salinity gradients of an estuary are determined by freshwater inflow (Schlacher & 
Wooldridge, 1996; Adams, 2012). Under reduced inflow saline water extends further 
upstream, displacing the brackish habitat (Adams et al., 1992; Wortmann et al., 1998). This is 
problematic as the brackish habitat, referred to as the river estuary interface zone, is the most 
productive and biologically distinct part of the estuary (Bate et al., 2002). Loss of this 
mesohaline mixing zone reduces primary and secondary productivity, as well as fishery 
resources.  
2.4.1 Sensitivity of different estuary types  
Estuaries experience three main hydrodynamic states: open, semi-closed and closed mouth 
condition (Snow & Taljaard, 2007). The sensitivity of an estuary mouth to closure is related to 
the amount of river inflow, especially during low flow periods, necessary to maintain open 
mouth conditions. Certain physical parameters make estuaries more sensitive to flow 
modifications: frequency of mouth closure, size, availability of sediment, wave action in the 
mouth, river inflow and extend of saline intrusion (DWA, 2010; Adams, 2012). These 
parameters are mostly influenced by seasonal base flows, but flooding events are also 
important for the long-term equilibrium of an estuary. 
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Estuaries that close to the sea (i.e. bar-built, barrier estuaries or TOCEs) are the most 
sensitive to changes in freshwater inflow (Allanson, 2001; DWA, 2010; Adams, 2012). The bar 
at the mouth of these estuaries increases during periods of reduced freshwater inflow thus 
restricting marine water inflow. Freshwater abstraction prolongs residence time thus 
increasing pollutant concentration and eutrophication (Alber, 2002). These conditions have 
resulted in most bar-built estuaries being highly degraded (Allanson, 2001). TOCEs are very 
sensitive to reductions in freshwater inflow with flow manipulations altering the duration of 
mouth closure and salinity intrusions (Whitfield et al., 2012).  
Freshwater abstraction activities (dam construction and irrigation) are usually sited at POEs 
that have large catchments and relatively high runoff throughout the year (Schlacher & 
Wooldridge, 1996; Alber, 2002). In South Africa, the extent of freshwater inflow reduction 
varies from nearly 100% (e.g. Kromme) to about 5% (e.g. Keurbooms) in POEs. These 
estuaries are not sensitive to flow reduction because runoff and/or tidal flows are sufficient to 
maintain open mouth conditions throughout the year (Alber, 2002). Reduced seasonal base 
flow or an extended duration of low flow in POEs may cause mouth closure. Saltwater intrusion 
further upstream and hypersaline conditions in semi-arid areas may be experienced due to 
reduced flow.  
2.5 Resource Directed Measures  
South Africa has nearly 300 estuaries with most of the total estuarine habitat contained within 
12 large (> 1 000 ha) estuaries (van Niekerk & Turpie, 2012). The majority estuaries (ca. 70 
%) are small TOCEs. South Africa is a semi-arid country with river inflow to estuaries 
fluctuating between floods and extreme low to even no flow. According to the NBA, less than 
5 % of all estuaries experience no flow modification pressures (van Niekerk & Turpie, 2012). 
Limited river runoff combined with strong wave action and high sediment availability 
encourage the formation of sandbars/berms across the mouth of estuaries, thus restricting 
marine inflow and causing closure to the seas for varying intervals (Whitfield, 1992; Whitfield 
& Bates, 2007; Taljaard et al., 2009). 
The majority of South African estuaries were classified by the 2011 NBA to be healthy 
(‘excellent’ and ‘good’ condition) (van Niekerk & Turpie, 2012). There have, however, been 
declines in estuary health since the 2004 assessment, particularly for the large, more 
important estuaries like St Lucia. Estuaries situated in rural areas such as those situated along 
the warm-temperate biogeographical zone were generally healthier than other estuaries, thus 
illustrating that anthropogenic impacts have resulted in declining health. The main pressures 
include: fluvial inflow modification, coastal development, catchment land-use changes, 
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agricultural and industrial pollution and the overexploitation of living resources (Lubke et al., 
1997; Morant & Quinn, 1999; van Niekerk & Turpie, 2012; Whitfield et al., 2012).  
In the 1970s, South Africa allocated EWRs using a simple hydrological ratio, with initially only 
1 % of water allocated to the environment progressing to 10-15 % (DWA, 2012). It was 
subsequently realised that hydrology alone could not determine the EWRs of aquatic 
ecosystems. The Water Research Commission and the DWAF undertook numerous trial 
research projects to determine an appropriate method for assessing the water requirements 
of the complete ecosystem. The building block methodology for rivers was the first holistic 
technique used in South Africa and was formally endorsed by the DWAF to meet the legal 
requirements for quantifying environmental flows (Arthington et al., 2006). South Africa has 
since progressed to a comprehensive, integrative holistic approach of determining 
environmental flow requirements known as RDM. 
The National Water Act specified the development of a participatory National Water Resource 
Classification System (NWRCS) that would determine the future level of protection and define 
specific objectives of aquatic ecosystems using ecological, social and economic criteria. This 
information would then then been used to determine the reserve allocated (Turpie et al., 
2012a). It was recognised that development and implementation of the NWRCS would be 
timely and thus determination of Preliminary Reserves has been allowed for issuing water use 
licenses. The RDM method for determining the EWRs of estuaries was developed in 1999 by 
a core team of specialists (Taljaard et al., 1999, updated in 2003, Adams et al., 2002) with 
input from the Consortium for Estuarine Research and Management. It is a scientifically 
defendable and repeatable method of determining EWRs (Adams et al., 2002, Taljaard et al., 
2004). South Africa opted for this method as it is fast, relatively cheap and uses consultative 
methods and expert opinions. 
The main aim of the RDM is to determine the ecological reserve required to maintain a desired 
level of functioning in aquatic ecosystems. The desired level of functioning is defined by the 
Ecological Category assigned to the system (Turpie et al., 2012). The Ecological Category is 
presented as a health scale ranging from a natural ‘A’ to an degraded ‘F’ (Figure 2.2). The 
National Water Act stipulates that estuaries must be maintained in a health state no less than 
a ‘D’ (Turpie et al., 2012a). In order to ascertain whether an estuary can remain in its 
recommended state a number of different run-off scenarios are assessed. A Recommended 
Ecological Category is the scenario that allows the largest modification in freshwater inflow to 
the estuary but still maintains the recommended state (Taljaard et al., 2004, Turpie et al., 
2010). The reserve for water quality is set for river inflow as this can be measured and 
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monitored. Monitoring requirements and ecological specifications are then set (Taljaard et al., 
2004).  
 
Figure 2.2: The six Ecological Categories for indicating the Present Ecological Status of an 
estuary. 
Four levels of confidence linked to data availability are used, ranging from low confidence 
desktop assessments to rapid, intermediate and comprehensive assessments that require 
seasonal multi-disciplinary field measurement programmes (DWA, 2012). Desktop 
assessments are used to provide low confidence values for large spatial extents, however it 
was originally intended to only be part of planning purposes for the NWRS. The level of 
determination used is based on the volume of water abstractions and the stresses already on 
the catchment. Aside from desktop assessments all determinations require data collection 
from sampling events. For biotic components an understanding of biomass distribution and 
productivity; seasonal and inter-annual variability; important relationships with nearby 
estuarine and marine systems; and effects of abiotic processes on biotic components are 
required (Turpie et al., 2012a). Hydrological modelling is required to determine changes in 
abiotic components over time.  Each biotic and abiotic component of the EHI represents a 
percentage similarity to natural or reference condition, so that the overall weighted aggregate 
score reflects the overall similarity to natural condition (Turpie et al., 2012a). Reference 
conditions refer to the natural, unmodified state of the system that is determined using expert 
judgement based on local knowledge and historic data. To account for cyclical variability, the 
mean conditions during reference conditions are compared with the mean conditions at 
present. A three tiered approach is used with the basic measures grouped using weighted 
means or minima, into four abiotic and five biotic measures, the weighted averages of which 
form overall abiotic and biotic scores, as illustrated in Figure 2.3 (DWA, 2012; Turpie et al., 
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2012a). These are then equally weighted to compute the overall Estuarine Health Index score. 
Biotic components are assessed according to changes over time of three attributes: species 
richness, abundance and community composition. Table 2.1 describes the manner in which 
the attributes of biotic health are calculated.  
 
Figure 2.3: Structure of the Estuarine Health Index (weightings are equal unless otherwise 
shown) (DWA, 2012). 
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Table 2.1: Calculation of the attributes of biotic health according to the Estuarine Health Index 
(DWA, 2012).  
Indices Calculation 
Species richness 
Measured as the loss in the average species richness expected 
during a sampling event, excluding species thought to not have 
occurred under Reference conditions. This requires an 
understanding of the species composition for each macrophyte 
habitat.  
Abundance 
Abundance considered the present overall area covered by 
different macrophyte habitats compared to reference or natural 
condition.  
The percentage similarity was determined as = 100 x present area 
cover / natural area cover.  
If present abundance is greater than natural abundance then 
Czekanowski’s similarity index: ∑(min(ref,pres) /(∑ref + ∑pres)/2 is 
used. 
Community 
composition 
Community composition was also assessed using Czekanowski’s 
similarity index based on the abundance (area cover) of all 
functional groups (macrophyte habitats) in the reference/natural 
and present state.  
 
2.5.1 Critical assessment of completed studies 
Since initiation in 1999 RDM studies for estuaries have been implemented at a slow yet steady 
pace with over 10 % of South Africa’s estuaries evaluated (DWAF, 1999; van Niekerk & Turpie, 
2012). Ultimately the reserve will be determined for all 291 estuaries at a comprehensive level 
with five yearly reviews of estuarine condition. Reserve Determinations have been completed 
for all recognized estuary types and from each biogeographic zone (cool temperate, warm 
temperature and subtropical). The majority of studies were completed at a rapid level often as 
part of larger catchment wide studies that assessed a cluster of estuaries and included river 
and groundwater studies. Figure 2.4 indicates the estuaries across South Africa were reserve 
determination studies have been completed.  
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Figure 2.4: Location and Present Ecological Status of completed Environmental Water 
Requirement studies for South African estuaries.  
Development of the RDM method has followed a ‘learning by doing approach’ with completed 
studies contributing to the understanding of the effects of freshwater inflow on estuarine 
functioning. Estuaries are dynamic systems and have the ability to adjust to adverse 
pressures. In many instances the estuary health could be improved through simple, relatively 
inexpensive mitigation measures. The Uilkraals Estuary, for example, receives 70 % of its 
natural Mean Annual Runoff (MAR) because of abstraction from the Kraaibosch Dam situated 
upstream of its mouth (Anchor Environmental Consultants, 2012). Direct pumping of effluent 
into the estuary has, however, resulted in a decline in the estuary’s health. Modelling of future 
scenarios illustrated that removing invasive alien plants from the entire catchment would 
restore much of the original base flow thus assisting in maintaining an open mouth state which 
in turn would help minimise sewage-related problems.  
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Allocating water from dams can meet the EWR of estuaries. The Great Brak Estuary situated 
near George on the south coast receives nearly none of its natural MAR due to abstraction by 
the upstream Wolwedans Dam (DWA, 2009). Slinger et al. (1994) illustrated that releasing 
pulses of water from the dam during spring and summer enables the mouth of the estuary to 
remain open. Open conditions are essential for maintaining the estuary’s health as it promotes 
salt marsh growth and the recruitment of fish and invertebrates. Development or the need for 
storage dams prevents the rehabilitation of some estuaries to their pristine, natural state. For 
example freshwater abstraction from the Kromme Estuary supplies water to Nelson Mandela 
Bay. The Mgeni Estuary supplies water to Durban and the Berg Estuary to Cape Town. 
Release of water equivalent to a 1-in-2 year flood from the Mpofu Dam above the Kromme 
Estuary had little effect on the saline system (Bate & Adams, 2000). Assessment of the 
ecological reserve has ensured that further licenses are not issued in stressed catchments or 
where the environmental water requirements are high.  
Restoring estuaries to their Best Attainable State requires the accurate identification of 
Thresholds of Potential Concern. For example, the Tongati RDM study stipulated that the 
Thresholds of Potential Concern for macrophytes was a greater than 20 % change in the area 
covered by different macrophyte habitats (DWAF, 2007). Thresholds of Potential Concern and 
continuous monitoring should be used to inform Estuary Management Plans. The Tsitsikamma 
Estuary RDM study emphasised the need to increase monitoring, such as water level 
recording, continuous flow gauging of river inflow to the estuary, mouth observations, 
longitudinal and vertical salinity distributions and nutrient concentrations as well as selected 
biotic components (particularly the benthic invertebrates and fish) (DWAF, 2003b). 
Reassessing individual systems on a five year basis, as stipulated by the RDM method, would 
ensure that uncertainties are addressed, such as providing the Present Ecological State of the 
Tsitsikamma Estuary before and after the effects of the newly built dams were felt. The 
availability of data influences the confidence of results for the EWR study. Frequently funds 
are too limited to provide for sufficient detail to be included which leads to low confidence 
results (Taljaard et al. 2003). The confidence in the hydrology data is of particular importance. 
Also relationships between flow, hydrodynamics, sediment dynamics, water quality and biotic 
response can only be established from field data collected concurrently (DWA, 2003).  
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The water quality of South African estuaries is declining, mainly due to input of sewage effluent 
from Waste Water Treatment Works (WWTWs). Reserve determinations of the Mhlanga and 
Mdloti estuaries, situated near Durban, demonstrated that increased water quantity from 
WWTWs increases the frequency of mouth breaching resulting in an unstable system with low 
biotic diversity and biomass (DWAF, 2002; 2003; Perissinotto et al. 2004). Diversion of effluent 
to the Mgeni catchment has been suggested to restore the health of Mhlanga Estuary. 
Macroalgal blooms in Great Brak and East Kleinemonde estuaries indicate a deterioration in 
water quality thought to be resultant from leaking septic tanks (van Niekerk et al., 2008).  
Although implementation has been slow, South Africa has acquired scientific knowledge and 
capacity from undertaking numerous site-specific studies over many years. Hirji and Davis 
(2009) mentioned that South African policy and legislation only vaguely describes maintaining 
estuarine ecosystem functioning. The best practice for scientific information and methods in 
establishing and implementing environmental water provisions is also not mentioned in policy, 
however the NWRS does state that RDMs should be “technically sound, scientifically credible, 
practical and affordable”. According to Sherwood (2008), the lack of adequate data to support 
South Africa’s EWR process for estuaries is a potential weakness of the overall approach. 
Sherwood (2008) recommended that funding should be provided to sample several 
longitudinal surveys of the estuary under both high and low flow conditions to establish 
bathymetry, temperature, salinity and dissolved oxygen profiles of data limited estuaries.  
3 AVAILABLE INFORMATION FOR WMA 11 
3.1 Water requirements 
KZN receives predominately summer rainfall with a Mean Annual Precipitation of 800 to 
1 500 mm (KZN Regional Office, 2001). Several parallel rivers (Mtamvuna, Umzimkulu, 
Mkomazi, Mgeni and Mvoti) originate from the Drakensberg Mountains and discharge in a 
south-easterly direction to the sea (DWAF, 2001; Basson & Rossouw, 2003; DWAF, 2004). 
The natural MAR for WMA 11 is 4 798 x 106 m3, with an ecological reserve of 1 160 x 106 m3. 
According to the 2001 Situation Assessment, the domestic/urban sector and irrigation 
accounted for two thirds of the WMA’s water use (DWAF, 2001). A deficiency of 301 Mm3 yr-1 
of water was already experienced in 2000 (Strydom & King, 2009). The 2004 National Water 
Resource Strategy stated that the water requirements of Durban and Pietermaritzburg 
exceeded the water supplied by the Mgeni System (DWAF, 2004). The Mvoti and Mkomazi 
sub-areas and parts of the coastal sub-area also experience water deficits due to insufficient 
storage. The most feasible options for augmenting the Durban/Pietermaritzburg area water 
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supplies are to increase abstraction from the Mvoti and Mkomazi rivers (DWAF, 2004; Basson 
& Rossouw, 2003; DWA, 2013). Thus according to the National Water Act, intermediate RDM 
studies are required to determine the environmental flow requirements of these estuaries. 
Mkomazi is one of the largest rivers in KZN and has the 8th largest catchment (4 300 km2) in 
South Africa (van Niekerk & Turpie, 2012). It receives an MAR of 1034 x 106 m3 which equates 
to 2.7 % of South Africa’s runoff. The Mkomazi Estuary is situated in the suburb of Umkomaas, 
50 km south of Durban centre. It is one of only two POEs that occur in WMA 11; although 
Forbes and Demetriades (2009) mention that it would be better described as a river mouth. 
The Mvoti Estuary, located near Stanger and Blythedale Beach on the north coast of KZN, is 
the only river mouth occurring within WMA 11. It receives a high MAR of 482 x 106 m3 (1.3 % 
of South Africa’s runoff) and has a catchment of 2751 km2, the 17th largest in South Africa (van 
Niekerk & Turpie, 2012).  
3.2 Previous assessments of estuary health and importance 
3.2.1 General 
According to Begg’s (1978, 1984) surveys of Natal, KZN estuaries have been degraded due 
to extensive utilization for the establishment of holiday accommodation, agriculture and 
industrial complexes. Most of WMA 11 estuaries (48 %) were described to be in a fair 
condition, 31 % poor and only 21 % in good condition. Siltation, reduced winter flow resulting 
in mouth closure, and floodplain encroachment were described by Begg (1978) as the largest 
detriments to estuarine health. Forbes and Demetriades (2009) compiled available literature, 
studied historical aerial photographs and conducted field surveys to determine the present 
ecological status of Durban’s estuaries. None of the 16 estuaries (Mahlongwa, Mahlongwana, 
Mkomazi, Ngane, Umgababa, Msimbazi, Lovu, Little Amanzimtoti, Amanzimtoti, Mbokodweni, 
Isipingo, Durban Bay, Mgeni, Mhlanga, Mdloti and Tongati) were considered to be in excellent 
or near pristine conditions. The fair condition of Mahlongwa, Ngane, Lovu and Mkomazi 
estuaries was attributed to limited floodplain development due to their rural locations. The 
main impacts resulting in the degraded nature of these estuaries was water quality, habitat 
loss, eutrophication and freshwater diversion. 
RDM assessments have been completed for the following WMA 11 estuaries: Mzimkulu, 
Zotsha, Little Amanzimtoti, Mbokodweni, Mgeni, Mhlanga, Mdloti and Tongati (DWAF, 2002; 
2003; 2007; DWA, 2011a, 2011b, 2011c, 2011d, 2012). Of these assessments, the Mzimkulu 
Estuary had the highest macrophyte score of 80. Alternatively, the Mgeni Estuary had the 
lowest macrophyte score of 20, due to habitat loss from agricultural, urban and industrial 
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development. Aside from habitat loss these estuaries have also experienced loss of 
hygrophilous species and invasion by Brazilian pepper trees (Schinus terebinthifolius), 
Syringa trees (Melia azederach), and aquatic floating species - red water fern (Azolla 
filiculoides), water hyacinth (Eichhornia crassipes) and Nile cabbage (Pistia stratiotes).  
3.2.2 Mkomazi Estuary 
The Mkomazi Estuary was described by the NBA to be moderately modified (‘C’ EC) with all 
components scoring ‘fair’ and hydrology scoring a ‘good’, on a scale of excellent to poor (van 
Niekerk & Turpie, 2012). The Mkomazi Estuary is important (72.9 %) for its size (80 %) and 
the biodiversity (91.5 %) it supports and should therefore be partially protected (Turpie et al., 
2007; van Niekerk & Turpie, 2012). Colloty et al. (2000) ranked the Mkomazi in the top 28 
estuaries of South Africa. The Estuarine Flow Requirement study of the Mkomazi Estuary 
(Quinn & Whitfield, 1998) stated that the estuary has low national botanical importance due to 
the small area covered by estuarine macrophytes. The estuarine associated vegetation was 
diminished by sugar cane cultivation on both banks as well as urban encroachment. 
Begg (1978) described the Mkomazi Estuary to be in a ‘severely degraded’ state because of 
siltation and waste from the SAPPI South African Industrial Cellulose Corporation (SAICCOR) 
factory located on the south bank of the estuary. This factory utilizes approximately 4 % of the 
MAR (Forbes & Demetriades, 2009). The Mkomazi Estuary has been described as ‘fair’ by 
Heydorn (1985) and Whitfield (2000) on a scale of poor, fair, good or excellent. Harrison et al. 
(2000) described the fish community and water quality of the Mkomazi Estuary as good on a 
scale of poor, moderate or good. The aesthetics was rated as moderate due to loss of riparian 
vegetation, railway lines, pipelines, the SAPPI factory and extensive sand mining operations.  
In an inventory of sand mining operations in KwaZulu-Natal Demetraides (2007) described 
Mkomazi Estuary as being intensively exploited with eight sand mining activities identified in 
the system between August 2006 and August 2007. The upper estuary was characterised by 
river diversions, unconsolidated sediments and general habitat instability (Demetriades, 
2007). Forbes and Demetriades (2009) described the following anthropogenic threats (on a 
scale of low, medium and high) for Mkomazi Estuary: medium for habitat loss, eutrophication, 
freshwater diversion, sewage and sea-level rises; and low for chemical contamination, 
litter/debris and overexploitation. Habitat loss was due to sugar cane farming right down to the 
water, clearing of riparian vegetation for a railroad and pipeline, and a ski boat base as well 
as clearing of dune scrub for access roads and a car park.  
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3.2.3 Mvoti Estuary 
The NBA described the Mvoti Estuary as highly degraded (‘D’ EC) due to a moderate reduction 
(30 %) in flow. According to Turpie and Clark (2007) the estuary is not considered of high 
conservation importance (58.6.) However, it requires full protection with an undeveloped 
margin of 75 % as it important for supplying nutrient and sediments to the offshore 
environment (Turpie et al., 2012b). The Mvoti Estuary is important for the prolific bird life it 
supports including Red Data species, and numerous migrant species (Begg 1978; Swemmer, 
2011). The backwater of the deeper areas of the estuary also provides an important refugia 
for fish (Swemmer, 2011). Recreationally the large sandbank at the mouth of the system is 
popular for fishing and boat launching (Begg, 1978; Swemmer, 2011). Although no proclaimed 
conservation areas occur within the Mvoti catchment, the estuary falls within a privately owned 
natural heritage site (SANHS 166) (Barnes, 1998; Sukdeo, 2010). 
The Mvoti Estuary experiences poor water quality because of input from the SAPPI SAICCOR 
factory, Gledhow Sugar Mill and the Stanger-Kwadukuza WWTW (Swemmer, 2011; van 
Niekerk & Turpie, 2012). A study by Chili (2008) of the environmental impacts on estuaries in 
KZN found the Mvoti and Isipingo estuaries to be the most affected by human activities. The 
estuary has experienced moderate habitat loss with most of the floodplain under sugarcane 
cultivation. According to Swemmer (2011) 57 % of Mvoti’s catchment is under various 
agricultural activities. Sand mining and artificial breaching has also occurred in the estuary 
(van Niekerk & Turpie, 2012). Demetriades (2007) identified 8-10 sand mining activities 
occurring along the Mvoti River/ Estuary between August 2006 and August 2007. Fishing effort 
is low in the system, but bait is collected in the sand and mud flats (van Niekerk & Turpie, 
2012). Swemmer (2011) noted the following pressures on the Mvoti Estuary: water abstraction 
from upstream industries; sugar cane farming on the banks of the estuary accelerating ground 
erosion and leakage of chemical and nutrients into the system; invasion of alien plant species; 
anthropogenic pollution from the Kwa-Dukuza industrial activities upstream; and to a small 
extent recreational activities in the estuary.  
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3.3 Distribution of macrophyte habitats 
3.3.1 Vegetation types of WMA 11 
Mucina and Rutherford (2006) described four main biomes (Grassland; Savannah; Indian 
Ocean Coastal Belt and Forest) and two significant zones (azonal forests and azonal 
vegetation) occurring in KZN. Most of the undulating coastal plains of KZN are under Coastal 
Belt Grassland, dominated by Themeda triandra. Under natural conditions it is presumed that 
the area would have been dominated by Subtropical Coastal Forest. Remnants of this habitat 
occur as Northern Coastal Forest. Subtropical Dune Thicket and azonal forest types (swamp 
and mangrove forest) also occur along the Indian Ocean coast. Forests represent the smallest 
biome of South Africa covering less than 0.25 % of the land surface (Midgely et al., 1997). 
Forest habitat is restricted to high rainfall areas (> 500 mm/yr) and thus have a highly 
fragmented and discontinuous distribution (Von Maltitz et al., 2003).  
Although the forest biome has a small spatial extent it has rich biodiversity and is extensively 
utilised for its highly valued resources (food, wood and medicinal products). KZN Coastal 
Forest stabilise dunes preventing coastal erosion, act as migratory corridors and have 
recreational opportunities (Von Maltitz et al., 2003; Mucina & Geldenhuys, 2006). Although 
South African swamp and mangrove forest are both relatively species poor, especially when 
compared to tropical mangrove forests, they support a number of associated plants and animal 
species. For example, phytogeographically interesting species (figs, ferns, orchids, palms) 
occur in swamp forest. These habitats are important for retaining, purifying and filtering 
sediment from water. Swamp and mangrove forest provide carbon in the form of leaf fall to 
detritus based food chains in estuaries (Mcleod et al., 2011). Mangrove habitat also provides 
food, shelter and breeding sites for a number of aquatic species, many fish species of which 
are commercially important. 
Miththapala (2008) stated that 20 - 35 % of the world’s mangrove area has been lost since 
1980. According to the FAO (2007), mangrove ecosystems are being lost at a rate of 1 % a 
year with some areas as high as 8 % a year. Duke et al. (2007) stated that in the next 100 
years the world’s mangrove forests may be functionally lost due to degradation. The main 
threats to forest types are clearing for agriculture, harvesting of timber, firewood and medicinal 
plants. Coastal developments and alien plant invasions also impact forest habitat. Significant 
reductions in mangrove area have occurred due to harbour developments at Durban and 
Richards Bay; bridge construction; clearing of mangrove habitat for development and 
cultivation; incorrect agriculture practises; harvesting; livestock browsing; mass removal of 
important associated biota; and dumping of refuse (Rajkaran, 2011). Climate change will also 
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affect forest habitat. Leary et al. (2008) stated that the north eastern section of forest could be 
lost due changes in weather patterns. Mangrove habitat may be threatened by sea level rise 
undercutting dunes and moving the unstable sandy substrate (Von Maltitz et al., 2003). 
These threats have resulted in swamp and mangrove forest becoming critically endangered 
habitats (Mucina & Geldenhuys, 2006). KZN Coastal Forest is poorly protected relative to its 
original extent (Von Maltitz et al., 2003). Nearly half of the remaining mangrove habitat is 
protected in reserves, but little swamp forest is being conserved (Mucina & Geldenhuys, 
2006). In the Durban Metropolitan 47 of the 65 ha of mangrove forest present is protected 
(Govender, 2013b). However, none of the 55 ha of swamp forest present is under protection. 
According to the Threatened Terrestrial Ecosystems list of 2011 gazetted under the National 
Environmental Management: Biodiversity Act (NEMBA, Act 10 of 2004) Swamp forest is 
vulnerable with 3000 ha remaining of which 67 % is being conserved, mainly in the 
isiMangaliso Wetland Park. Many of the dominant species of these forest types are protected 
under the National Forests Act, 1998 (Act 84 of 1998) and thus may not be harmed or removed 
without a license (DAFF, 2012). Protected mangrove species include: the powder-puff tree 
(Barringtonia racemosa), black mangrove (Bruguiera gymnorrhiza), Indian mangrove (Ceriops 
tagal), Tonga mangrove (Lumnitzera racemosa var. racemosa) and red mangrove 
(Rhizophora mucronata). Other protected tree species prominent in KZN included Swazi 
onionweed (Cassipourea swaziensis), Swamp fig (Ficus trichopoda), Coastal Milkwood 
(Mimusops caffra) and White Milkwood (Sideroxylon inerme). 
The estuaries of KZN support six of the nine macrophyte habitats (Table 3.1) recognised by 
the NBA (Adams et al., 2012). According to Begg (1978; 1984) nearly half of WMA 11 estuaries 
have been recorded to support rare or sensitive macrophyte habitats, namely: mangroves, 
swamp forest and submerged macrophytes. Based on estuarine areas obtained from the NBA, 
53 and 75 % of these estuaries presently support submerged and mangroves, respectively 
(Adams et al. 2012). These estuaries were prioritised for field surveys so as to validate the 
desktop health and importance assessments. Historical and present areas covered by 
sensitive macrophyte habitats in WMA 11 are summarised in Table 3.2. 
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Table 3.1: Macrophyte habitats supported by the estuaries of the Mvoti-Mzimkulu Water 
Management Area. 
Habitat type Species 
Open surface 
water areas 
Proxy as available habitat for phytoplankton. 
Intertidal sand 
and mudflats 
Indicates available habitat for intertidal benthic microalgae. 
Submerged 
macrophyte beds 
Submerged macrophytes tend to occur in POEs, particularly eelgrass 
(Zostera capensis) whereas Ruppia cirrhosa prefers the less saline 
and sheltered conditions of TOCEs. Ribbon weed or fennel pondweed 
(Stuckenia pectinata) prefers fresher conditions (salinities below 10) 
and therefore occurs in closed systems or in the upper reaches of 
estuaries.  
Reeds and 
sedges 
Dominant species include: Juncus effusus, Juncus kraussii, 
Phragmites australis, Phragmites mauritianus and Schoenoplectus 
scirpoides. Phragmites can form either monospecific stands in wet 
areas or mixed stands where it is associated with species such as 
Scirpus, Schoenoplectus and Typha (Adams et al., 1999). 
Mangroves 
Seven main species are recorded in South African with white 
mangrove, Avicennia marina, and black mangrove, Bruguiera 
gymnorrhiza, more abundant along the KZN coastline. The mangrove 
fern, Acrostichum aureum, is often associated with mangrove habitat.  
Swamp forest 
Species include: powder puff tree referred to as freshwater mangrove 
in this study (Barringtonia racemosa), swamp fig (Ficus trichopoda), 
lagoon hibiscus (Hibiscus tiliaceus), wild date palm (Phoenix 
reclinata), Raphia palms, wild banana (Strelitzia nicolai) and wild 
frangipani (Voucanga thouarsii). 
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Table 3.2: Estuaries of the Mvoti-Mzimkulu Water Management Area that have been recorded to 
historically or presently support submerged macrophyte and mangrove habitat. Historical 
records (H) obtained from Begg (1978, 1984) Cooper et al., (1993), Rajkaran et al. (2009). Present 
areas (P) in ha obtained from Adams et al. (2012). 
Estuary 
Submerged 
macrophytes 
Mangroves 
Estuary 
Submerged 
macrophytes 
Mangroves 
H P H P H P H P 
Mtamvuna x  x 0.3 Mahlongwa x  X  
Sandlundlu x    Mahlongwana  3   
Fafa x 1.5   Mkomazi   X 2 
Mdesingane  0.5   Ngane   X  
Mzimkulu x    Umgababa x 2.5 X  
Mhlangeni x    Msimbazi   X  
Kandandhlovu   x 0.5 Lovu   X  
Mpenjati x    Little Amanzimtoti   X  
Mhlangankulu x  x 0.5 Sipingo     
Kaba x 0.25   Durban Bay x 8 X 16 
Bilanhlolo   x 0.5 Mgeni   X 20.3 
Kongweni   x 0.5 Mhlanga   X  
Mhlangamkulu x    Mdlotane x 0.7   
Damba x    Nonoti x 2.5   
Mhlungwa x 1.5   Zinkwasi x    
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Based on the distribution of macrophyte habitats the following estuaries were selected for 
sampling: Mtamvuna, Kandandhlovu, Mpenjati, Kaba, Bilanhlolo, Mhlangamkulu, Damba, 
Intshambili, Mzumbe, Mhlabatshane, Fafa, Mhlungwa, Mahlongwa, Mahlongwana, Ngane, 
Umgababa, Msimbazi, Lovu, Little Amanzimtoti and Mhlali estuaries. The following criteria 
were also considered when selecting estuaries: health (EC and macrophyte health scores), 
development pressures, whether they are fully contained within the EFZ, size and location. 
Mangroves have been recorded at Mtamvuna, Kandandhlovu, Bilanhlolo, Umgababa and 
Little Amanzimtoti estuaries (Adams et al., 2012). However, Begg (1978, 1984) and Ramm 
(1986a, b & c) only described mangroves at the Mtamvuna, Mahlongwa and Umgababa 
estuaries. Ward and Steinke (1982) recorded B. gymnorrhiza at the Ngane, Msimbazi and 
Lovu estuaries. Barringtonia racemosa swamp forest was described by Begg (1978) to occur 
at the Damba, Intshambili, Mhlungwa, Fafa and Mhlali estuaries. Ramm (1986d) described B. 
racemosa at Mahlongwana Estuary. Submerged macrophytes have been reported at the 
Kaba, Mhlangamkulu, Mhlungwa, Mahlongwana and Umgababa estuaries (Hiralal, 2001). 
Further descriptions of the historical estuarine vegetation of the estuaries is summarised in 
Table 7.1 in the Appendix. 
Sugarcane cultivation has encroached into floodplains resulting in drained wetlands, removal 
of macrophyte habitat, exacerbated siltation, eutrophication and organic pollution (Begg, 
1978). Bridges, weirs and other developments (holiday accommodation and townships) have 
removed habitat and affected flow and siltation. The Mpenjati, Mhlabatshane and Lovu 
estuaries all have sand winning operations (Demetriades, 2007). Sedimentation has resulted 
in the infilling and shallowing of many estuaries including Kaba, Intshambili and Fafa. Invasive 
species particularly Casuarina, Eucalyptus and Pine trees were present along the water 
channel of various estuaries. Harvesting of reeds and swamp forest was also noted. Table 7.1 
in the Appendix also summarises anthropogenic impacts on these estuaries. 
3.3.1.1 Mkomazi 
The Mkomazi Estuary has historically supported limited estuarine vegetation with macrophyte 
communities of reeds, sedges and swamp forest fringing the water (Table 3.3). The sloping 
banks of Mkomazi Estuary were vegetated with coastal dune, coastal riverine and transitional 
forest (Begg, 1978). A mangrove community situated on the southern bank and stands of H. 
tiliaceus in the lower reaches were described by Begg (1978, 1984) as the only botanical 
communities of value in the Mkomazi Estuary. Small areas of fringing reeds (P. australis) and 
sedges (S. scirpoides) were described by Adams and Bate (1998) to be the most extensive 
botanical community in the estuary. 
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Table 3.3: Historical distribution of macrophytes habitats at the Mkomazi Estuary. 
Macrophyte 
habitat 
Distribution 
Reeds and 
sedges 
 
A narrow strip of reeds and sedges fringed the channel in the upper estuary 
with antelope grass (Echinocloa pyramidalis) growing at the foot of the reed 
stand (Begg, 1984). Reed swamps were present at the mouth of Mkomazi 
Estuary with a large swamp located above the steep south bank and a mixed 
community of reeds, sedges and bulrushes occurred on the north bank 
opposite the mangrove community (Day, 1981; Begg, 1984). 
Swamp 
forest 
 
H. tiliaceus occurred in the lower estuarine reaches of Mkomazi Estuary, 
fringing the open water on the south bank and around the Impisini Inlet (Day, 
1981; Begg, 1978). No B. racemosa has been recorded at Mkomazi 
Estuary. 
Mangroves 
 
Day (1981) when reflecting on Mkomazi Estuary in the 1950s described a 
small stand of mangroves situated in a muddy cove on the north bank of 
Mkomazi Estuary. According to Begg (1978) the construction of the R102 
road and rail bridge at the mouth may have resulted in the loss of most of 
the stand. Begg (1978; 1984) also described a mangrove community on the 
south bank that was in poor condition due to impeded drainage and 
inadequate tidal exchange. Ward and Steinke (1982) reported 2 ha of 
mangroves at Mkomazi Estuary. A few scattered trees of A. marina and B. 
gymnorrhiza were noted on both banks at the mouth by Adams and Bate 
(1998). Rajkaran et al. (2009) stated that 2 ha of mangroves were present 
in 2006.  
 
3.3.1.2 Mvoti 
The Mvoti Estuary has a large, sparsely vegetated floodplain that was dominated by reeds 
and sedges with a small stand of swamp forest present near the mouth, as described in Table 
3.4. Barnes (1998), describing a visit of George Frederick Angas to Mvoti Estuary in 1847, 
stated that the floodplain consisted of open grassy hills with a few bush clumps dominated by 
Strelitzia or Euphorbia. A substantial stretch of dune forest occurred on the south bank in the 
lower reaches of the Mvoti Estuary (Barne, 1998). Tree species present were Acokanthera 
oblongifolia, Brachylaena discolor, Canthium inerme, Carissa macrocarpa, Chrysanthemoides 
monilifera, Ekebergia capensis, Eugenia capensis, Euclea natalensis, M. caffra, Psydrax 
obovata and Searsia chirindensis. Psychotria capensis, Dracaena hookeriana and Peddiea 
africana occurred in the undergrowth. Adams (1996), in the botanical assessment for the 
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Estuarine Flow Requirement study for Mvoti Estuary, described coastal dune forest, with the 
same characteristic species, on the north bank towards Blythedale Beach. 
Begg (1984) described a dense fringe of antelope grass (E. pyramidalis) on the upper banks 
of the Mvoti Estuary with the eastern bank vegetated with short buffalo grass (Stenotaphrum 
secundatum) and Sporobolus virginicus. Begg (1978) reported that Mr Jex, the owner of the 
Jex Estate,) stabilised the vertical banks by planting E. pyramidalis. Dune vegetation occurred 
in patches on the sand berm at the mouth (Adams, 1996). Typical species present were Beach 
morning glory (Ipomea pes-capre) and Seeplekkie (Scaevola plumieri). Adams (1996) noted 
that exotic plant species such as wattle and Syringa (M. azerderach) had established below 
the N2 bridge. 
Table 3.4: Historical distribution of macrophyte habitats at the Mvoti Estuary. 
Macrophyte 
habitat 
Historical distribution 
Reeds and 
sedges 
The floodplain of Mvoti Estuary was dominated by reeds and sedges, mainly 
Phragmites and Scirpus littoralis, which occurred along the channels and 
mudflats (Begg, 1978; Barnes, 1998). Phragmites mauritianus was the 
dominant floodplain species and S. scirpoides was abundant in the lower 
mouth reaches (Adams, 1996). According to Adams (1996) species 
composition differed on either side of the estuary, for instance the sedge, 
Fuirena sp. was only found on the north bank. Swemmer (2011) described 
reedswamp and perennial weed species fringing the backwaters of Mvoti 
Estuary. 
Swamp 
forest 
A small stand of freshwater mangrove (B. racemosa) once existed to the 
south of the estuary alongside the sugarcane (Begg, 1978). Adams (1996) 
described a small stand of H. tiliaceus occurring on the south bank at the 
mouth.  
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4 MATERIALS AND METHODS 
4.1 Desktop assessment of macrophyte health 
Available literature (Begg, 1978; 1984; Cooper et al., 1993; Harrison et al., 2000; Forbes and 
Demetriades, 2009), aerial photographs and Google Earth imagery was used to estimate the 
percentage change of macrophytes habitats from natural to present conditions. Change was 
attributed to five main pressures, namely: loss of habitat as a result of disturbance which could 
be development or agriculture; eutrophication; loss of habitat due to invasion by exotic plant 
species; loss of mangrove habitat; sedimentation and reed expansion. The revised 
macrophyte health score was calculated by subtracting the sum of the percentage change 
estimated to result from the different pressures. The desktop health assessment for all 64 
estuaries was conducted during a meeting of estuarine experts. 
4.2 Rapid field assessments of macrophyte health 
Selected estuaries (11) were accessed by road bridges, or along the beach, during a site visit 
to assess macrophyte health and determine the presence/absence of macrophyte habitats. 
Field studies were carried out in the winter of 2013. The dominant macrophyte habitats and 
species composition were noted and photographed. Changes over time in the estuaries were 
determined by comparing aerial photographs, particularly the earliest image (1937) and most 
recent images (2008 or 2013). The location of the estuaries assessed in field assessments 
are presented in  
Figure 4.3.   
4.3 Intermediate field assessments of macrophyte health 
Estuaries (8) were selected for field assessments based primarily on the distribution of 
macrophyte habitats as well as other attributes described in Table 4.1. Field assessments to 
determine the presence/absence of submerged macrophytes; mangroves and swamp forest 
(particularly B. racemosa) occurred in May 2014. Estuaries were accessed by boat, if 
accessibility allowed. Replicate transects spanning from the channel to beyond the EFZ (i.e. 
the 5 m contour) were sampled in the lower, middle and upper reaches of each estuary. For 
smaller estuaries, namely: Kandandhlovu, Kaba, Bilanhlolo and Little Amanzimtoti, only four 
transects were surveyed. The National Estuary shapefiles (www.bgis.com) and the EKZN 
Vegetation Map of 2011 (www.bgis.com) were uploaded to Arcpad on a Juno Trimble to select 
appropriate locations for transects and to determine the position of the 5 m contour while in 
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the field. Species richness and cover were recorded along transects. Unidentified species 
were collected for identification at the Ward Herbarium at the University of KwaZulu-Natal, 
Durban and the Ria Olivier Herbarium at Nelson Mandela Metropolitan University, Port 
Elizabeth. Species were identified using guides including Gibson (1975), Thomas and Grant 
(2004), Bromilow (2010) and Leistner (2010). Species nomenclature followed that of 
Germishuizen & Meyer (2003) and threat status was determined from the Red List of South 
African Plants Version 2014.1. (SANBI, 2014). Invasive species were identified from the 
updated Conservation of Agriculture Resources Act (CARA Act 43 of 1983) (DoA, 2011) and 
the updated National Environmental Management: Biodiversity (NEMBA, Act 10 of 2004) 
(DEA, 2014). For ease of reading subspecies and varieties of species were excluded, but 
details are provided in the Appendix. 
Table 4.1: Estuaries of the Mvoti-Mzimkulu Water Management Area that were prioritised for 
intermediate field assessments. Health (Ecological Category), presence of mangrove habitats 
and size was obtained from the National Biodiversity Assessment (van Niekerk & Turpie, 2012). 
Size is relative only to estuaries within the WMA and not to South African estuaries in general.  
Estuary Attributes 
Mtamvuna 
A large, natural (‘A’) estuary that supports mangrove habitat and is 
partially protected. 
Kandandhlovu A small, moderately modified (C’) estuary that supports mangrove habitat. 
Mpenjati 
A large moderately modified (‘C’) estuary that receives medium 
protection.  
Kaba 
A medium size, moderately modified (‘C’) estuary that supports 
submerged macrophytes. 
Bilanhlolo 
A medium size, largely modified estuary (‘D’) with poor macrophyte 
health, that supports mangroves and swamp forest. Estuarine vegetation 
occurs outside of the EFZ.  
Fafa 
A large, moderately modified (‘C’) estuary that supports submerged 
macrophytes and swamp forest. 
Umgababa 
A large moderately modified (‘C’) estuary with an extensive floodplain that 
historically supported mangroves.  
Little 
Amanzimtoti 
A small highly degraded (‘E’) estuary that supports swamp forest and 
historically supported mangrove habitat. 
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The macrophyte habitats for each estuary were digitized using ESRI™ ArcMap 10.1 (2012) 
from recent aerial photographs obtained from the Chief Directorate of Surveys and Mapping, 
or Google Earth depending on cloud cover and clarity. Developed or disturbed areas within 
the EFZ of the estuaries were identified and mapped. Terrestrial forest vegetation was broadly 
mapped as coastal forest and not distinguished into vegetation classes. Changes in physical 
estuarine conditions and macrophyte habitats were described by comparing the earliest aerial 
photographs available, usually 1937, to the most recent images available (2008-2013). 
Macrophyte health was determined using the percentage change of macrophyte habitat 
abundance and distribution and extent of disturbance and invasion. It was described using the 
attributes (species richness, abundance and community composition) of the biotic 
components from the Estuarine Health Index. Abundance and community composition were 
estimated using percentage change from natural. Overall macrophyte health was determined 
using the minimum score of the three attributes.  
4.3.1 Environmental variables 
Elevation using an abney level was determined along 5 m intervals for each transect. GPS 
coordinates of all transects were recorded. Physico-chemical variables, namely: salinity, 
dissolved oxygen (DO, mg l-1), temperature (o C) and pH were recorded using a YSI 
multiprobe, in the water column opposite the replicate transects. Depth and turbidity, using a 
Secchi disk, was also measured. Physico-chemical variables were represented as averages 
with standard error per zone (i.e. lower, middle and upper reaches). Mouth condition 
(open/semi-closed/closed) was recorded and compared to Rajkaran’s (2011) percentage 
open mouth conditions recorded between 1996-2005 for certain estuaries.  
4.3.2 Disturbance rating 
In order to determine the extent of land use changes and invasive species in the estuaries a 
disturbance rating was developed and assigned to each transect surveyed. Disturbance 
ratings are a visual assessment of the extent of human transformation of a site. This 
considered parameters such as surrounding hard infrastructure (bridges, dams or weirs); 
presence of litter and rubble; as well as other evidence of human use. The disturbance rating 
developed was adapted from the U.S. EPA (2002) disturbance rating for salt marsh zones. 
Disturbance ratings ranged from 1 (pristine, undisturbed site) to 4 (completely transformed) 
as described with their indicators in Table: 4.2. Descriptions of the ratings were similar to the 
Ecological Categories or states of the NBA. Disturbance ratings were represented as colour 
coded points representing the start of transects (i.e. at the water’s edge) on the estuary 
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vegetation maps. Disturbance was related to the surrounding National Land-use map (SANBI, 
2008).  
Table: 4.2: Disturbance ratings with indicators used to determine the extent of anthropogenic 
impact along sampled transects. 
Indicators of disturbance ratings Rating Score 
Pristine, undisturbed site 
 Natural vegetation intact 
 No development within the visible vicinity 
 Lack of litter/rubble 
Good 1 
Predominantly undisturbed 
 < 5 % of the vicinity developed (i.e. a slipway, walkway etc.) 
 < 5 % of the area covered by litter/rubble 
Fair 2 
Significant human disturbance 
 5-10 % of the vicinity developed  
 5- 10 % of the area covered by litter/rubble 
 Agriculture visible beyond the EFZ 
 Mowed lawns in the vicinity 
Moderate 3 
Transformed, no longer resembles natural conditions 
 Nearly the entire landscape in human use 
 > 10 % of the area covered with development (e.g. buildings, 
sport facilities, weirs, bridges) 
 > 10 % of the area covered by litter/rubble 
 Active agriculture 
 Mowed lawns 
 Embankment of channel 
Poor 4 
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4.4 Comprehensive field assessments of macrophyte health 
The Mvoti and Mkomazi estuaries were visited on 17 and 18 July 2013. Estuarine area was 
defined as the EFZ delineated according to DWA (2010) and van Niekerk & Turpie (2012) as 
the 5 m topographical contour along each bank. Dominant macrophyte habitats were identified 
and their distribution along the length of the estuary was mapped using ESRI™ ArcPad 10 
(2010) on a Trimble GPS. Compilation of species lists followed the same method as the 
intermediate field assessments.  
For the purposes of this study the geographical boundaries of Mkomazi Estuary were: 
Downstream boundary: Estuary mouth (30°12' 9.3203" S 30°48' 13.9248" E) 
Upstream boundary: 7 km from the mouth to the limit of the 5 m contour where a weir is 
situated as illustrated in Figure 4.1.  
Lateral boundaries: 5 m contour above Mean Sea Level along each bank 
 
 
 
 
 
Figure 4.1: Estuarine Functional Zone (i.e. 5 m contour) indicated by the red outline for Mkomazi 
Estuary, KwaZulu-Natal. 
For the purposes of this study the geographical boundaries of Mvoti Estuary were: 
Downstream boundary: Estuary mouth (29° 23' 30.775" S, 31° 20' 5.47439" E) 
Upstream boundary: 5 km from the mouth until the N2 road bridge. This was not the full extent 
of the EFZ as illustrated in Figure 4.2. 
Lateral boundaries: 5 m contour above Mean Sea Level along each bank 
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Figure 4.2: Estuarine Functional Zone (i.e. 5 m contour) indicated by the red outline for Mvoti 
Estuary, KwaZulu-Natal. 
4.4.1 Changes over time in macrophyte habitats  
The present and past distribution of macrophyte habitats within the EFZ of the estuaries was 
mapped using ESRI™ ArcMap 10.1 (2012). 2009 Orthorectified aerial photographs were 
obtained from the National Geo-spatial Information (previous Chief Directorate: Surveys and 
Mapping). The ESRI™ World Imagery basemap of 2013 was used to update the map. 
Developed or disturbed areas within the EFZ of the estuaries were mapped as such. 
Terrestrial forest vegetation was broadly mapped as coastal forest and not distinguished into 
vegetation classes. Past area of macrophyte habitats were mapped using the oldest available 
aerial photographs (1937) that had been rectified. Aerial photographs from 1959, 1967, 1971, 
1974, 1977 and 1983, were also assessed for changes over time although the area was not 
mapped. The total area covered by each macrophyte habitat in 2013 was compared with its 
past cover to provide an indication of the percentage change over time. Changes in species 
composition were compared with data presented in the Mvoti (1996) and Mkomazi (1998) 
Estuarine Flow Requirement studies. 
4.4.2 Present Ecological Status 
The health of the macrophytes was assessed in terms of the following attributes: species 
richness, abundance and community composition using the methods described for biotic 
components in RDM Version 3 (DWA, 2012). Present state was based on the 2013 mapped 
areas and the natural state was based on the 1937 mapped areas that have been adjusted to 
consider the floodplain prior to cultivation. The macrophyte species composition recorded 
during field assessments in 2013 were compared to that recorded in previous Estuarine Flow 
Requirement studies (Adams, 1996; Adams & Bate, 1998). Changes in abundance and 
community compositionwere assessed using different combinations of the habitat contained 
within the EFZ. For instance only including true macrophyte habitats or including all physical 
habitats and disturbed floodplain. Alien species were added as a subgroup using quantitative 
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estimates. The overall macrophyte health score was the minimum score obtained for the 
attributes.  
Change in health may be attributed to flow modification and anthropogenic influence (e.g. 
trampling, pollution and overexploitation) and thus an adjusted macrophyte health score based 
on an estimate of change due to non-flow related impacts was also provided.  
Adjusted score = health score + (100- estimated non-flow related impacts) x 0.1) 
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Figure 4.3: Position of estuaries situated in WMA 11 that were selected for field assessments. 
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4.5 Mangrove population structure 
The distribution, height, diameter at breast height (DBH= 1.5 m) and reproductive state (i.e. 
fruiting) of the mangroves at the Mtamvuna and Mkomazi estuaries were measured and 
compared to data collected by Rajkaran et al. (2009) in 2006. Due to the sparse distribution 
of mangroves at Mkomazi Estuary all individuals were measured. At the Mtamvuna Estuary 
six replicate 5 x 5 (25 m2) quadrats were used. Population structure was described as the 
number of trees in three height classes: seedlings (< 50 cm), juveniles (50-130 cm) and adults 
(> 130 cm). Average tree height and DBH was also compared for different years as well as 
the number of fruiting trees (i.e. presence of calyxes).  
4.6 Estuaries important from a botanical perspective 
Botanical importance of WMA 11 estuaries was determined using the cover of sensitive/rare 
macrophyte habitats. The areas covered by each macrophyte habitat were obtained from the 
NBA (Adams et al., 2012). Updated macrophyte distribution and cover was obtained from the 
field assessments and vegetation mapping. Using these data the 25 estuaries considered to 
be important from a botanical perspective were identified. Only the estuaries with the 10 
largest areas of swamp forest were included since this habitat has a wide distribution along 
the subtropical coast. Mangrove habitat has a limited distribution and covers only small areas 
in the estuaries of WMA 11. Thus estuaries supporting this habitat should be prioritised in 
biodiversity planning. Estuaries that have lost mangrove habitat should still be considered 
important as their environmental conditions were once suitable for the habitat and thus future 
colonisations could occur. 
4.7 Critique of macrophyte health assessment methods 
The confidence of the desktop assessment was assessed by comparing the scores obtained 
to the scores from the NBA and the three levels of field assessments. Variations of the 
Estuarine Health Index have been proposed. For instance, Turpie et al. (2012a) suggested 
the use of a minimum/average of the three indices to produce the overall score: 
Min/average health score = (min (a to c) + average (a to c))/2 
The min/average approach was applied to the estuaries that were assessed at intermediate 
or comprehensive levels. The scores produced using the min/average approach were 
compared to the scores produced using the minimum score, as applied in this study. There 
has also been debate regarding which macrophyte habitats to include in the calculation of the 
abundance and community composition attributes. Physical habitats (open water and 
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sand/mud banks) and natural floodplain provide habitat within the EFZ, but they do not 
represent unique estuarine macrophyte habitats. Thus there is debate as to whether changes 
over time in these habitats should be included in the calculation of macrophyte health. In order 
to determine the influence of these habitats on the overall macrophyte health score, different 
combinations of macrophyte habitats were used to determine the abundance and community 
composition of Mkomazi and Mvoti estuaries. Three different combinations of macrophyte 
habitats were used: all habitats; all macrophyte habitats excluding physical habitats; and only 
unique estuarine macrophyte habitats (i.e. excluding physical habitats and floodplain). 
Abundance was also calculated using the average change for each macrophyte habitat 
instead of the overall macrophyte habitat change. The difference from natural to present cover 
of each habitat was calculated as a percentage. The abundance score was then calculated as 
the average of all macrophyte habitats and compared with the other scoring approaches. 
4.8 Updating the Estuarine Botanical Database 
4.8.1 Macrophyte habitat and species composition 
The Estuarine Botanical Database summarises all available data on macrophyte habitats, 
area cover and species composition of South Africa’s estuaries. It is regularly updated from 
site visits, under- and postgraduate research, EWR studies and any other initiative that 
included macrophyte mapping and a detailed assessment of species composition. The 
estuarine areas for KZN estuaries presented in the NBA represent areas mapped from Begg’s 
(1978, 1984) surveys. In order to update the database the 2013/2014 areas covered by 
macrophyte habitats were mapped for the estuaries assessed at intermediate and 
comprehensive levels. The revised areas from this study will be used to update the Botanical 
Database for use in the next NBA.  
4.8.2 Revising the Estuarine Functional Zone 
The National Estuaries 2012 shapefile (van Niekerk & Peterson, 2012), which contains 
polygons representing the EFZ surrounding South Africa’s estuaries was overlaid on the ESRI 
online imagery basemap in Arcmap 10.1. Macrophyte habitats occurring outside the boundary 
of the EFZ of any estuaries situated within WMA 11 were recorded. The National Vegetation 
Map by Mucina and Rutherford (2006) and the updated KZN Vegetation Type Map (Scott-
Shaw & Escott, 2011) were also overlaid with the National Estuaries 2012 shapefile to 
determine if any mapped area occurred outside the boundary of the EFZ. Outlying macrophyte 
habitat was confirmed in the field for the studied estuaries. New EFZ boundaries were mapped 
from the most recent available aerial photographs using the border of the outlying macrophyte 
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habitat. These discrepancies and revised EFZ will be considered and potentially utilised when 
the National Estuaries 2012 shapefile is updated. (All GIS shapefiles and coverages were 
downloaded from the SANBI BiodiversityGIS website, http://bgis.sanbi.org).  
5 RESULTS 
5.1 Desktop assessment of macrophyte health 
The majority of estuaries within WMA 11 are considered to be moderately modified (‘C’) 
(Figure 5.1 with a full summary provided in Table 7.2 in the appendices). The south coast 
estuaries were the healthiest, while the estuaries surrounding urban areas were degraded. 
Over 50 % of the macrophyte health scores determined by the desktop assessment were in 
the same as Ecological Category as the NBA scores. However, 27 % of the estuaries had 
improved macrophyte health scores when reassessed and the remainder decreased to lower 
categories. The most drastic change was for the Zinkwasi Estuary which was described in be 
extremely degraded ‘F’, but upon assessment was considered to be in a ‘C’ Ecological 
Category.  
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Figure 5.1: Macrophyte health scores, presented as colour coded Ecological Categories, for 
estuaries of the Mvoti-Mzimkulu Water Management Area. Relative locations of the main urban 
areas are included.  
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5.2 Rapid field assessments of macrophyte health 
5.2.1 Present distribution of macrophyte habitats 
Reeds, sedges and swamp forest were the most abundant macrophyte habitats present in the 
estuaries that were assessed at a rapid level (Table 5.1). Dominant species were H. tiliaceus, 
P. australis, P. mauritianus and S. scirpoides. Dune tick berry (C. monilifera), P. reclinata and 
S. nicolai were also dominant. Submerged macrophytes were not evident in any of the 
estuaries assessed a rapid level. Mangroves were not present, as currently recorded in the 
NBA, at the Kandandhlovu, Bilanhlolo or Mhlangamkulu estuaries. A few B. gymnorrhiza 
individuals were discovered at the Ngane Estuary that was thought to have completely lost 
mangrove habitat. A healthy stand of freshwater mangrove (B. racemosa) was present near 
the Marlon Holiday Resort at Damba Estuary and the lower reaches of Intshambili Estuary. 
There was a bloom of the water fern, Azolla sp., at Mhlangamkulu Estuary. Invasive species 
occurred in all estuaries, with horsetail tree (Casuarina equisetifolia), S. terebinthifolius and 
castor oil tree (Ricinis communis) particularly abundant. Exotic herbaceous species were also 
prominent such as chickweed, Ageratum conyzoides, and Ipomoea species. 
Over half of the estuaries surveyed had been impacted by sugarcane cultivation, or plantations 
in the case of Damba Estuary. Floodplain area has also been removed by developments within 
the EFZ at Lovu Estuary. All estuaries had bridges across the mouths, aside from the Mhlali 
Estuary that had a bridge higher upstream. The construction of bridges has led to changes in 
channel morphology. Reduction in the sinuosity of the Mhlungwa Estuary has resulted in the 
development of lagoonal areas in in the lower and middles reaches. The channel of the Lovu 
Estuary has been redirected in the upper reaches. Side arms of the Intshambili and Ngane 
estuaries have been infilled and are now vegetated with reeds. Reed encroachment was 
evident in the comparison of past and present aerial photographs for Intshambili, 
Mhlangamkulu, Mahlongwana and Msimbazi estuaries. Further descriptions of changes over 
time are provided with the macrophyte health score in Table 5.2. 
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Table 5.1: Distribution of macrophytes habitats in 2013 for the estuaries of the Mvoti-Mzimkulu 
Water Management that were assessed at a rapid level. 
Estuary Present macrophyte habitats 
Mhlangamkulu 
Swamp forest (H. tiliaceus), reeds and sedges (Phragmites spp.) were 
dominant. Aloe thraskii occurred on the south bank. There was a bloom of 
the water fern, Azolla, during the field visit (Plate 5.1.a). Little riparian 
habitat present due to the channel being deeply incised (Plate 5.1.b). 
Damba 
A large, healthy stand of B. racemosa occurred on both banks near the 
Marlon Caravan Park (Plate 5.1.c). Phragmites mauritianus, E. 
pyramidalis, N. marina and other grasses fringed the open water (Plate 
5.1.d). Numerous invasive species were present including: A. conyzoides, 
Balloon vine (Cardiospermum grandiflorum), R. communis, Spanish Gold 
(Sesbania punicea) and Triffid weed (Chromolaena odorata). Salinity at 
the caravan park was fresh (1-2). 
Intshambili 
The following species were noted: B. racemosa, H. tilicaeus, Phragmites 
spp. and J. kraussii (Plate 5.2.e.). Swamp forest species such as P. 
reclinata was also conspicuous (Plate 5.2.f.). The estuary was fresh 
measuring 2 at the N2 road bridge and 4-5 at the mouth.  
Mzumbe 
Large significant floodplain with coastal forest fringing the water channel 
on the south bank (Plate 5.2.a.). Erosion due to infilling evident.  
Mhlabatshane 
The channel was fringed by reeds and sedges, mainly P. australis and J. 
kraussii. Swamp forest with H. tiliaceus and P. reclinata covered the steep 
banks of the system (Plate 5.2.c and d.). The system was clear with a 
salinity of 8-10 recorded at the bridge closest to the mouth. Prawn holes 
were evident in the sandflats. Water marks on the rocks and the shape of 
the sandbank surrounding the estuary indicate high water levels in the 
past. The invasive plants R. communis and C. equisetifolia were abundant. 
Mhlungwa 
Reeds, sedges (J. kraussii and T. capensis) and swamp forest (B. 
racemosa and H. tiliaceus) dominated the lower reaches of Mhlungwa 
Estuary (Plate 5.2.b.). Grasses occurred on the sand flats at the mouth. 
The mouth of the estuary was fresh and turbid and no macroalgae was 
evident.  
Mahlongwa 
Phragmites fringed the channel and swamp forest with S. nicolai was 
conspicuous. S. virginicus and other grasses present on the banks ( 
Plate 5.1.e.). Mahlongwa Estuary was perched with a sandbank separating 
the estuary from the sea. 
45 
 
Estuary Present macrophyte habitats 
Mahlongwana 
Swamp forest, represented by B. racemosa, H. tiliaceus and P. reclinata 
fringed the length of Mahlongwana Estuary (Plate 5.1.f). Invasive I. 
purpurea was hanging on the trees and R. communis was abundant.  
Ngane 
Reeds and sedges were dominant (Plate 5.3.a.). A few small, fruiting B. 
gymnorrhiza trees were present growing amongst H. tiliaceus, P. australis, 
P. reclinata and Acacia sp. on the north bank above the R102 bridge (Plate 
5.3.b.). Some coastal forest on the north slope at the mouth. There was a 
grassy sloping south bank at the mouth with S. nicolai and H. tiliaceus 
fringing the water.  
Msimbazi 
The deep Msimbazi Estuary was closed and an extensive bed of 
Phragmites spp. occurred on a centre island (Plate 5.3.c.). Swamp forest 
of H. tiliaceus was present with B. discolor, Carissa bispinosa P. reclinata 
and S. nicolai, (Plate 5.3.d.). Schinus terebinthifolius and C. equisetifolia 
trees have invaded the floodplain. 
Lovu 
Lovu Estuary has a large floodplain and supported an island of Juncus sp. 
The banks were covered with reeds and sedges, mainly P. australis and 
P. mauritianus (Plate 5.3.e.). Grasses such as Stenotaphrum sp. were also 
abundant. H. tiliaceus was present and covered in morning glory, Ipomoea 
purpurea. Small area of reeds and sedges (not completely contained within 
the EFZ) were present north of the mouth.  
Mhlali 
Swamp forest occurred on the banks of Mhlali Estuary, but only H. tiliaceus 
was noted. Reeds and sedges were abundant, predominately Phragmites 
spp. and S. scirpoides (Plate 5.3.f.) The centre island, occurring between 
the two arms of the system, was vegetated with reeds and sedges. Rocks 
were present at mouth of Mhlali Estuary.  
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Plate 5.1: (a). A thick bloom of Azolla sp. was present at the mouth of the Mhlangankhulu 
Estuary. (b). The Mhlangankhulu Estuary had steep banks supporting little macrophyte habitat. 
(c) A dense stand of B. racemosa was present at the middle reaches of Damba Estuary.  
(d). Invasive plant species were prominent at the middle reaches of Damba Estuary at the Marlon 
Caravan Park. e) B. racemosa present at Intshambili Estuary. (f). Pioneer dune vegetation in the 
foreground and coastal forest surrounding the bridges at Intshambili Estuary (July 2013). 
a) b) 
c) d) 
e) f) 
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Plate 5.2: a.) Swamp forest was present at the Mzumbe Estuary. (b). The sand bank and extensive 
swamp forest present in the lower reaches of Mhlabatshane Estuary. (c). A swing bridge 
extending across Mhlabatshane Estuary. (d). The north bank of Mhlungwa Estuary facing 
seaward from the R102 road bridge. e). Coastal forest at the mouth of Mahlongwa Estuary. (f). 
Invaded coastal forest on the north bank of Mahlongwana Estuary, note the sugarcane 
cultivation on the south bank (July 2013). 
a) b) 
c) d) 
e) f) 
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Plate 5.3: (a). Reeds and hygrophilous grasses in the floodplain at the Ngane Estuary. 
(b). A few small, fruiting B. gymnorrhiza trees found near the R102 bridge at the Ngane Estuary. 
(c). Swamp forest fringing the open water at Msimbazi Estuary. (d). Reeds and sedges present 
on the centre island at Msimbazi Estuary. (e). Phragmites spp. growing in the lower reaches of 
the Lovu Estuary. (f). Reeds and sedges were present on the centre island at Mhlali Estuary. 
Sugarcane cultivation was visible above the south bank (July 2013). 
 
a) b) 
c) d) 
e) f) 
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5.2.2 Present macrophyte condition 
Scores were assigned to the attributes of macrophyte health based on the visual assessments 
conducted in the field and analysis of aerial photographs. Based on these attributes the 
estuaries were all in a fair state (‘C’ or ‘D’), except for Mzumbe Estuary that was degraded. 
Loss of macrophyte habitat from reed encroachment, development and cultivation had the 
greatest impact on macrophyte health. Macrophyte health scores for the estuaries sampled 
as rapid field assessments are summarised in Table 5.2. 
Table 5.2: Macrophyte health scores for the estuaries that were assessed at a rapid level. (Green 
indicates a ‘C’ Ecological Category, orange a ‘D’ and red an ‘E’). 
Estuary Changes over time 
Macrophyte 
health score 
Mhlangamkulu 
Reeds have encroached into the water channel, but will be 
scoured during the next flooding event. In 2013 5 – 10 % of 
the EFZ was occupied by a housing development that would 
of removed macrophyte habitat. 
75 
Damba 
There has been a 30 % loss of swamp forest since 1937. 
Invasive and weedy plants species were extensive in the 
floodplain and may have displaced native vegetation. Reed 
habitat has increased in the lower reaches. Habitat has 
been removed by plantations, which occupied about 5 % of 
the EFZ in 2013. 
60 
Intshambili 
Based on the plant species identified during field surveys, 
the species composition remains similar to natural 
conditions. In 1937 roughly 60 % of the floodplain was 
planted with sugarcane. This has been reduced to 20 % in 
2013. Previously cultivated floodplain consisted of a mixture 
of reeds and riparian vegetation (potentially invasive 
species). Harvesting of Juncus spp. should be monitored. 
70 
Mzumbe 
Sugarcane cultivation has removed reed and swamp forest 
habitat from the EFZ. Although the area under sugarcane 
cultivation has declined to 60 % cover in the last few 
decades the swamp forest species richness has not 
returned to the estuary. Over time the dynamic channel has 
shifting creating more sand/mud flats that have been 
colonised by reeds and sedges. Disturbed floodplain likely 
consists of opportunistic and invasive riparian species. 
40 
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Estuary Changes over time 
Macrophyte 
health score 
Mhlabatshane 
Swamp forest has been lost due to sugarcane cultivation 
and development. Sand extraction and rubble dumping has 
degraded the upper reaches. Invasive plant species were 
recorded. 
65 
Mhlungwa 
The construction of the N2 road bridges effectively bisected 
the estuary. Reed and swamp forest habitat has been lost 
due to sugarcane cultivation and changes in channel 
morphology. No submerged macrophytes were present. 
50 
Mahlongwa 
Macrophyte habitat has been lost over the decades by 
sugarcane cultivation and more recently by housing 
developments. The floodplain is still covered by reeds. 
70 
Mahlongwana 
No submerged macrophytes were evident in 2013. Swamp 
forest habitat has been lost since natural conditions. Reeds 
have encroached into the open water since 1937. A reed 
island in the middle reaches was first noticeable in the 1971 
aerial photographs and has persisted to 2013. 
60 
Ngane 
Loss of most mangrove habitat. Infilling and invasion by 
reeds evident in 2013, likely a result of the construction of 
the N2 road bridges. 
60 
Msimbazi 
Loss of mangrove habitat. No Salicornia sp. or N. marina 
identified in 2014. Numerous anthropogenic impacts: 
bridges, railway, golf course, fires, excessive clearing of the 
floodplain. Invasive plant species present in floodplain. 
50 
Lovu 
Loss of mangrove habitat. Anthropogenic impacts: infilling 
for sugarcane cultivation, bridges, sports field, car park and 
picnic area. 
60 
Mhlali 
Loss of reed and sedge habitat due to sugarcane 
cultivation. B. racemosa not recorded in 2013, but likely to 
still be present as sampling was not extensive. 
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5.3 Intermediate field assessments 
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5.3.1 Physico-chemical variables 
At the time of sampling the following estuaries had an open connection to the sea, namely: 
Mtamvuna, Kandandhlovu, Mpenjati and Umgababa (Table 5.3). The remaining estuaries 
were closed, aside from Bilanhlolo which was semi-closed. Umgababa Estuary had recently 
been breached and had high flow at the mouth resulting in a shallow system and saline 
conditions in the middle reaches. Mtamvuna and Mpenjati estuaries were the only marine 
dominant systems with average salinity of 25.2 ± 2.3 and 31.1± 0.44, respectively.  
Table 5.3: Mean salinity and mouth condition, with average time the mouth was open obtained 
from Rajkaran (2011), for estuaries that were assessed an intermediate level. 
Estuary 
Mean salinity (± SE) 
in 2014 
Mouth condition 
in 2014 
Average time (%) 
that the mouth 
was open from 
1996-2005 
Mtamvuna 25.2 ± 2.3 (n=15) Open 97 
Kandandhlovu 5.0 ± 0.9 (n=4) Closed 54 
Mpenjati 31.1 ± 0.4 (n=10) Closed No data 
Kaba 1.4 ± 0.2 (n=9) Closed No data 
Bilanhlolo 0.7 ± 0.1 (n=8) Semi-closed 53 
Fafa 1.2 ± 0.3 (n=7) Open No data 
Umgababa 16.3 (n=2) Open 48 
Little Amanzimtoti 8.2 ± 3 (n=6) Closed 29 
Vertical salinity stratification was evident in the water column of the Mtamvuna Estuary with 
surface readings of 9.6 ± 2.6 as opposed to bottom readings (>3 m) of 31.1 ± 0.4 (Table 5.4). 
The upper reaches of the Mpenjati Estuary were saline with barnacles present on the rocks 
above the water level. Above the weir conditions were fresh (0.8), well oxygenated  
(7.1 mg l-1) and alkaline with a pH of 9.1.  
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The surface water of the Mtamvuna Estuary was well oxygenated (>6 mg l-1) and decreased 
with depth, a similar trend was observed at the Mpenjati, Bilanhlolo and Little Amanzimtoti 
estuaries (Table 5.4). DO declined from the mouth (5.6 ± 0.5 mg l-1) to the upper reaches (3.8 
± 0.2 mg l-1) at the Mpenjati Estuary. The reverse of this longitudinal gradient was evident at 
the Fafa Estuary where temperature, DO and pH increased towards the upper reaches. The 
Kaba and Bilanhlolo estuaries were homogenous across all zones and well mixed. DO was 
low in the Kaba Estuary, whilst the middle reaches of Kandandhlovu and Little Amanzimtoti 
estuaries were hypoxic at 3.2 ± 0.4 SE mg l-1 and 1.3 ± 0.6 mg l-1, respectively. The Mtamvuna 
Estuary was turbid at the time of sampling, with visibility less than half the depth at all zones. 
This estuary also had the greatest recorded depth of 4 m (Table 5.4). The general trend was 
that the estuaries became shallower upstream. Sedimentation was evident from the shallow 
conditions in the upper reaches of Fafa Estuary. 
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Table 5.4: Summary of the physico-chemical variables measured in 2014 for of estuaries that were assessed at an intermediate level. 
Estuary 
Lower reaches Middle reaches Upper reaches 
Salinity 
DO 
(mg/l) 
pH 
Temp 
(°C) 
Depth 
(m) 
Salinity 
DO 
(mg/l) 
pH 
Temp 
(°C) 
Depth 
(m) 
Salinity 
DO 
(mg/l) 
pH 
Temp 
(°C) 
Depth 
(m) 
Mtamvuna 
26.6 ± 
3.9 
5.2 ± 
0.9 
 
21.2 ± 
0.8 
4 
26.5 ± 
4.4 
6.9 ± 
0.86 
 
23.1 ± 
0.3 
4 
23.1 ± 
6.2 
5.7 ± 
1.1 
 
23.1 ± 
0.8 
2.5 
Kandandhlovu 
6.6 
±0.5 
3.2 ± 
0.4 
 
22.6 ± 
0.7 
0.3 3.2 7.2  21.8 0.5  
Mpenjati 
30.1 ± 
1.4 
5.6 ± 
0.5 
7.8 ± 
0.1 
21.5 ± 
0.5 
1.3 
31.5 ± 
0.3 
4.1 ± 
0.1 
8 
24.5 ± 
0.7 
1.2 
31.5 ± 
0.1 
3.8 ± 
0.2 
8 
24.9 ± 
0.1 
1 
Kaba 1.6 5.6  19.1 0.5 
0.9 ± 
0.4 
5.7 ± 1  
17.7 ± 
1.3 
1  
Bilanhlolo 
0.8 ± 
7.9 
6.9 ± 
0.1 
 19.7 2.1 
0.8 ± 
0.1 
5.5 ± 
0.7 
 
20 ± 
0.2 
1.9 
0.3 ± 
0.1 
6.3 ± 
1.1 
 
19 ± 
0.7 
1.1 
Fafa 1.7 
6.6 ± 
0.3 
6.9 ± 
0.1 
20.1 2 
1.4 ± 
0.1 
6.2 ± 
0.2 
7.3 20.8 0.8 0.15 
7.1 ± 
0.3 
7.7 ± 
0.2 
24.3 ± 
0.1 
0.2 
Umgababa 3.9 7 7.6 22.5 0.1 28.8 6.4 6.5 21.2 0.5  
Little 
Amanzimtoti 
5.5 5.9 7.4 19.6  
7.5 ± 
4.4 
1.3 ± 
0.6 
5.2 
±1.5 
20.2 ± 
0.6 
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5.3.2 Species composition 
A total of 95 indigenous species from 49 families were recorded in the eight estuaries (Table 
7.3 and Figure 7.1- 7.7 in the Appendix). Reeds and sedges were the most abundant 
macrophyte habitat and thus the majority of plant species present (19 %) were graminoids 
belonging to the family Poaceae. The families Fabaceae and Asteraceae, represented by eight 
species each, were abundant in the estuaries. These families accounted for most of the trees 
that were the dominant life form (27 species) occurring in coastal or swamp forest habitat. 
Coastal forest supported almost double the species richness than the other macrophyte 
habitats combined. Abundant coastal forest species were B. discolour, Erythrina lysistemon, 
F. trichopoda and Sideroxylon inerme. Other coastal forest species recorded at Kandandhlovu 
and Fafa estuaries were A. oppositifolia, Bridelia micrantha, Celtis africana, E. lysistemon, 
Mackaya bella and M. caffra. 
A wetland species, Elatine ambigua, occurred amongst the P. australis in the middle reaches 
of Bilanhlolo estuary. Acrostichum aureum was present in the floodplain of Umgababa 
Estuary. Chamaecrista mimosoides, a shrub from the Fabaceae family, was dominant within 
an area utilised for grazing in the middle reaches of Umgababa Estuary. Fynbos species 
(Helichrysum cymosum, Helichrysum herbaceum and Protea simplex) were present on the 
upper south bank of Mtamvuna Estuary. No species of special concern were identified, 
although the tree Ilex mitis, found at Fafa Estuary, is in a declining threat status according to 
the Red List of South African Plants version 2014.1. (SANBI, 2014). No submerged 
macrophytes were identified during sampling.  
Exotic plant species were prevalent in the estuaries with 27 species from 11 families identified 
(Table 7.4 in the appendices). The majority of exotics were herbaceous species from the family 
Asteraceae. Over 50 % of these species are declared invaders according to CARA (DoA, 
2011) and NEMBA (DEA, 2014). Ageratum conyzoides was the most common invasive plant 
present, occurring in 7 of the estuaries and 40 % of transects. Other abundant exotic plant 
species were Ambrosia artemisiifolia and I. purpurea which were present in more than four of 
the estuaries. Schinus terebinthifolius was, on average, the most abundant invasive species. 
Creepers/climbers (i.e. Ipomoea species) were present in all the macrophyte habitats, 
whereas most of the herbaceous species occurred amongst the coastal forest or in disturbed 
terrestrial vegetation.  
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Garden escapees, weedy and invasive plant species such as Asystasia gangetica, 
Gooseberry (Physalis viscosa), Lagenaria sphaerica, Tephrosia purpurea and Xanthium 
strumarium have displaced indigenous vegetation at Little Amanzimtoti Estuary. 
Cardiospermum grandiflorum and Bugweed (Solanum mauritianum) were abundant amongst 
the swamp forest in the upper reaches of Fafa Estuary. Mexican sunflowers (Tithonia 
diversifolia) were prevalent in the upper reaches of Mpenjati Estuary. Other exotic plant 
species such as Eucalyptus and Casuarina trees were present in the estuaries such as in the 
upper reaches of Fafa Estuary. Aquatic invasive plants were also apparent in the estuaries. 
The anoxic conditions occurring at the Little Amanzimtoti Estuary may be due to the 
proliferation of Water Lettuce, Pistia stratiotes, and E. crassipes.  
5.3.2.1 Vegetation zonation along a gradient 
The general succession of vegetation from the water’s edge to the border of the EFZ was- 
reeds and sedges followed by swamp forest and then a terrestrial component, usually coastal 
forest. Figure 5.2 provides a schematic summary of the dominant species, distance and 
elevation covered by macrophyte habitats at KZN estuaries based on the transect data 
reported in Table 5.5. Because of the small area covered by creepers, ferns and herbaceous 
species they were not summarised in Table 5.5. The full species composition along transects 
is provided in Figure 7.1 
Figure 7.7 in the Appendix.  
Reeds and sedges were restricted to lower elevations occurring from the water channel to a 
maximum elevation of 4.2 m relative to the estuary’s channel. However, this elevation was 
measured at the upper reaches of Mpenjati Estuary where a small stand of reeds occurred on 
a steep eroded bank that was situated above the open water. The second greatest elevation 
for reed habitat was 2.1 m measured at Umgababa Estuary. The maximum perpendicular 
distance covered by reeds and sedges from the water channel was 90 m measured at the 
lower reaches of Mpenjati Estuary. In some instances the water channel was not fringed with 
reeds, instead swamp forest species surrounded the water as recorded in transects at Fafa 
Estuary. As elevation increased there was a transition from reeds to swamp forest or 
mangrove habitat. Cyperaceae species and grasses, S. secundatum, red grass (Themeda 
triandra) and basket grass (Oplismenus hirtellus), usually occurred in this transitional area. 
Centella asicatica and Triglochin striata were present in the undergrowth of transition habitats 
from reed to swamp forest habitat.  
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Swamp forest and mangrove habitat consisted of a homogenous stand of either B. racemosa, 
B. gymnorrhiza or H. tiliaceus with no understorey. This was apparent at the lower reaches of 
Mtamvuna and Kaba estuaries and the middle reaches of Fafa Estuary where only bare 
ground and litter was present below the swamp forest canopy. Swamp forest occupied as little 
as 1 - 40 m along transects at elevations ranging from -0.3 to 3 m relative to the estuary. The 
low elevation of -0.3 m was recorded at the lower reaches of Kaba Estuary. The sediment at 
this homogenous stand of H. tiliaceus was muddy and pools of water were present. A similar 
situation was described for the mangrove habitat occurring on the north bank of Mtamvuna 
Estuary that declined in elevation from the water (0.6-0.1 m).  
Swamp forest was often interspersed with coastal forest elements, such as B. discolor, 
Searsia chirindensis, S. nicolai and P. reclinata, with an abundance of creepers and an 
understorey of grasses (Setaria megaphylla) and ferns (Cheilanthes viridis and Microsorum 
scolopendria). Weedy herbaceous plant species and invasive plant species were prevalent in 
the coastal forest. The transition from swamp forest to coastal forest was not easily detected. 
Coastal forest occurred at a range of elevations from 0.2-6 m relative to the estuary.  
 
Figure 5.2: Generalised distribution of macrophyte habitats along a gradient from the estuary 
water channel. Sedges and grasses although not recognised as a separate habitat was included. 
Species were organised according to dominance.  
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Table 5.5: Dominant species in the macrophyte habitats occurring along transects sampled in the lower (L), middle (M) and upper (U) reaches of the 
estuaries that were assessed an intermediate level. (Species in brackets indicate were abundant and * species were exotic). 
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L 
P. australis 
(S. scirpoides) 
0- 3; 
0- 0.6 
B. gymnorrhiza 3-15, 
0.6-0.63 
(0.6-0.1) 
P. reclinata, 
S. chirindensis, 
S. nicolai 
10-35, 
0.63-1.3 
M. lanceolata,  
R. caffra 
*L. camara 
25-50, 
1-2 
H. tiliaceus 
M 
P. australis 
(S. scirpoides) 
0-3.5, 
0-1 
H. tiliaceus, 
P. reclinata 
3.5-15, 
1-0.6 
O. hirtellus 
5-20, 
1.1-0.65 
V. infausta 
*I. purpurea 
15-20, 
0.65-0.5 
U 
P. australis 
(C. textilis, 
J. effusus) 
0-1, 
0-1 
 
O. hirtellus, 
S. secundatum 
*A. artemisiifolia 
*A. conyzoides 
*I. purpurea 
0.1-20, 
1-5.2 
B. elliptica 
*R. cuneifolius 
10-15, 
1-2.6 
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L 
P. australis 
 
3-5, 
0-1 
H. tiliaceus 
5-10, 
1-1.4 
 
 
B. discolour,  
M. caffra, M. bella  
S. nicolai,  
S. megaphylla 
*I. purpurea 
10-25, 
1.4-6 
U 
P. australis 
(J. kraussii, S. 
scirpoides, S. 
secundatum) 
 
0-40, 
0- -0.9 
 
B. discolor, E. 
lysistemon, 
T. capensis 
*A. conyzoides 
*I. purpurea 
40-50, 
-0.9-0 
B. micrantha, 
M. caffra, 
M. lanceolata,  
O. hirtellus, 
P. reclinata 
*L. camara 
50-100, 
0-0.4 
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L 
P. australis 
(C. brevis, J. kraussii, 
S. scirpoides,  
S. secundatum, 
Triglochin striata) 
*A. artemisiifolia 
*A. houstonianum 
*I. purpurea 
 
0-90, 
-0.5- 
-0.3 
 *S. punicea 
90-100, 
-0.3- -0.4 
B. discolor,  
Crotalaria sp., 
E. lysistemon,  
S. myrtina, P. 
reclinata 
 
110-150, 
0.2-1.5 
M 
P. australis 
(C. brevis, C. textilis, 
C. africana) 
*A. conyzoides 
0-10, 
0-1.25 
H. tiliaceus 
9-10, 
1.1-1.25 
B. bergiana, 
S. rhombifolia 
*S. terebinthifolius 
 
5-10, 
0.3-1.25 
C. africana,  
F. trichopoda,  
P. myrtifolia, S. 
latifolia, 
S. inerme 
10-15, 
1.25-3.2 
U 
J. effusus, 
(P. australis, 
T. triandra) 
*P. dilatatum 
0-8, 
0-4.2 
 
F. trichopoda,  
P. myrtifolia,  
S. latifolia, 
S. mitophyllus 
*S. terebinthifolius 
8-15, 
4.2-5.4 
K
a
b
a
 
L 
P. mauritianus 
(S. secundatum) 
0-2, 
0- -0.1 
H. tiliaceus 
10-40, 
-0.1 - -0.3 
S. chirindensis 
*S. terebinthifolius 
10-30, 
-0.1 – 
-0.3 
 
M 
P. mauritianus 
(Crotularia sp., C. 
natalensis, 
J. kraussi, 
S. secundatum) 
*A. conyzoides 
*I.purpurea 
0-50, 
-0.3-0.2 
 
G. rigens, 
S. nicolai, 
P. reclinata 
*S. terebinthifolius 
50-70, 0.2-
0.5 
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L 
P. mauritianus 
(E. ambigua) 
0-10, 
0-1.3 
 
S. secundatum 
*A. conyzoides 
*C. odorata 
10-20 
H. pauciflorus,  
F. trichopoda, 
S. inerme 
20-25, 
3.7-3.8 
M 
(C. asiatica, C. 
textilis, 
E. ambigua, 
*P. dilatatum) 
0-10, 
0-0.3 
 
P. decipiens, 
S. secundatum, T. 
capensis 
*A. conyzoides 
 
10-20, 
0.3-0.2 
S. nicolai, 
P. reclinata 
*S. terebinthifolius 
20-25, 
0.3-1.4 
F
a
fa
 
L  
B. racemosa, 
H. tiliaceus, 
*A. conyzoides 
*Cardiospermum 
grandiflorum 
*Ipomoea alba 
*C. odorata 
0-40, 
0-3 
 
A. adianthifolia,  
C. africana 
L.rugosa, 
P. decipiens 
25-50, 
2.8-3.1 
M  
H. tiliaceus 
*A. conyzoides 
*I. purpurea 
 
10-30, 
0.17-0.16 
 
A. adianthifolia, 
B. discolor, 
I. mitis, 
O. hirtellus, 
S. nicolai 
* S. mauritianum 
10-50, 
0.17-2.5 
U  
B. racemosa, 
H. tiliaceus, 
*A. conyzoides 
*A. donax 
*C. grandiflorum 
*I. purpurea 
0-30, 
0-1.7 
A. adianthifolia 
B. discolor, 
S. megaphylla 
*I. purpurea 
*M. azederach 
*S. mauritianum 
10-30, 
1.3-1.7 
A. oppositifolia 
*A. hybridus 
 
30-50, 
1.8-1.9 
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*C. odorata 
0-10, 
0-2.1 
H. tiliaceus 
(A. aureum) 
15-30, 
2.1-1.5 
E. coracana, 
C. africana 
 
20-30, 
2.1-1.5 
C. monilifera, 
S. nicolai, 
E. natalensis 
30-40, 
1.5-3 
M 
J. kraussii, 
P. mauritianus 
(S. fimbriatus, 
S. secundatum) 
0-40, 
0.9- 0.2 
B. gymnorrhiza 
30-31, 
0.17 
 P. reclinata 
29-30, 
-3.5 
U 
P. mauritianus 
(C. textilis, 
J. kraussii, 
S. scirpoides, T. 
triandra) 
0-10, 
-1- -0.3 
 
C. mimosoides, 
S. secundatum, 
T. triandra 
*A. conyzoides 
*A. artemisiifolia 
 
20-50, 
0-0.3 
B. discolor, 
C. mimosoides 
* C. bonariensis 
R. brasiliensis 
* S. didymobotrya 
50-100, 
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L 
P. mauritianus 
(C. africana, 
P. decipiens) 
*P. stratiotes 
0-10, 
-0.1 
 
A. gangetica, 
C. monilifera 
S. secundatum 
*A. conyzoides 
*A. artemisiifolia 
*I. alba 
* P. viscosa 
* X. strumarium 
10-25, 
-0.1-0.3 
M 
P. mauritianus 
(P. decipiens) 
*Pistia stratiotes 
0-10, 
0-3 
H. tiliaceus 
 
30-60, 
1.7-2 
E. natalensis 
* Tephrosia purpurea 
40-50, 
1.7-1.8 
B. discolour, 
S. nicolai 
40-60, 
 1.8-2 
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5.3.3 Present distribution of macrophyte habitats 
Aside from a loss of submerged macrophytes, no historically described macrophyte habitats 
have been completely lost from the estuaries. For the most part, the distribution of macrophyte 
habitats in the estuaries resembled the historical descriptions. The reed covered centre island 
at Mpenjati Estuary has been lost over time. There has been a loss of species richness at 
Mtamvuna Estuary as no A. marina trees were recorded in 2014. Salicornia sp. was not 
recorded amongst the reeds at Umgababa Estuary in 2014. No abundance of vines was noted 
at Kaba Estuary, as expected due to the meaning of the name. Ifafa lilies (Crytanthus. 
mackenii) were not visible at Fafa Estuary.  
Reed and sedge habitat was present at all estuaries including Kaba and Little Amanzimtoti 
(Plate 5.4 a & b). This habitat ranged from a narrow fringe (0.1 ha) in the lower reaches of 
Little Amanzimtoti Estuary to covering large expanses at Umgababa (39 ha), Mtamvuna (7.1 
ha) and Fafa (6.1 ha) estuaries (Error! Reference source not found.-Figure 5.4). Shallowing 
of the Fafa Estuary has enabled the establishment of a reed island (Plate 5.4 c). Reed habitat 
was, however, not recorded in transects. The middle and upper reaches of the Kandandhlovu 
Estuary, representing roughly 60 % of its floodplain, was dominated by reeds and sedges in 
2013 (Plate 5.4 d). An extensive reed stand consisting mainly of J. effusus occurred on the 
north bank at the mouth of Mpenjati Estuary (Plate 5.4 e). Herbaceous species were present 
in the undergrowth of this stand such as the exotic common ragweed (Ambrosia artemisiifolia), 
Crotalaria sp. and Euphorbia hirta. No Paspalum grasses were identified as described by Begg 
(1978).  
Mangrove habitat, represented by B. gymnorrhiza, was only present at the Mtamvuna Estuary. 
This population, present on both banks near the mouth, consisted mainly of adult individuals, 
however a stand of seedlings and juveniles was identified (Plate 5.4 f). One B. gymnorrhiza 
individual occurred in the reeds at the Umgababa Estuary (Plate 5.5 a) Barringtonia racemosa 
swamp forest, was present at the Fafa (Plate 5.5 b) and the Little Amanzimtoti estuaries, 
although not recorded in transects at the Little Amanzimtoti Estuary. Swamp forest covered 
the largest area at the Fafa Estuary (6.6 ha) with Mpenjati (6 ha) and Kandandhlovu estuaries 
(5.2 ha) also supporting large areas (Figure 5.3- 5.4)). Coastal forest was mapped at all 
estuaries such as the Mtamvuna, Kandandhlovu and Bilanhlolo (Plate 5.5 c,d and e). 
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Figure 5.3: Distribution of macrophyte habitats for (a). Mtamvuna, (b). Kandandhlovu, (c). 
Mpenjati and (d). Kaba estuaries. (The colour coded points represent the location of transects 
and disturbance rating). 
Built-up 
Built-up 
Natural 
Built-up 
Cultivation 
Degraded 
Built-up 
Natural 
Natural 
Natural 
Cultivation 
a) b) 
c) d) 
Good Fair Moderate Poor 
63 
 
 
Figure 5.4: Distribution of macrophyte habitats at (a). Bilanhlolo, (b). Fafa, (c). Umgababa and 
(d). Little Amanzimtoti estuaries. (The colour coded points represent the location of transects 
with its disturbance rating). 
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Natural 
Cultivation 
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 Plate 5.4: (a). Reeds fringing the channel at Kaba Estuary. (b). Phragmites australis and H. 
tiliaceus fringed the channel at Little Amanzimtoti Estuary. (c). Sedimentation evident at the 
upper reaches of Fafa Estuary. (d). Reeds encroachment visible at the Kandandhlovu Estuary 
(e). Extensive reed swamp present on the north bank at the mouth of Mpenjati Estuary. (f). Adult 
B. gymnorrhiza trees occuring amongst H. tiliaceus on the north bank near the R61 road bridge 
at Mtamvuna Estuary. (May 2014).  
a) b) 
c) d) 
e) f) 
65 
 
  
  
 
 
Plate 5.5: (a). A lone B. gymnorrhiza tree in the floodplain of Umgababa Estuary. (b). Dense B. 
racemosa stand on the north bank of Fafa Estuary. (c). Coastal forest in the upper reaches of 
Mtamvuna Estuary. (d). Swamp forest, with P. reclinata and S. nicolai conspicuous, fringed the 
banks of Kandandhlovu Estuary. (e). Invaded coastal forest on the north bank of Bilanhlolo 
Estuary. (May 2014).  
 
a) b) 
c) d) 
e) 
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5.3.3.1 Mangrove population structure at Mtamvuna Estuary 
The B. gymnorrhiza population at Mtamvuna Estuary has increased in number from a total of 
103 trees in 2006 to over 246 measured in 2014, which likely represents half the entire 
population. In 2014, the B. gymnorrhiza population was comprised mostly of adult trees, 
reaching up to 8 m in height (Table 5.6). The average height of individuals measured was 2 ± 
0.1 m and the adult to seedling ratio was 8:1. This is in contrast to the 2006 population which 
were mainly juveniles with a 1:1 adult to seedling ratio. The distribution of B. gymnorrhiza 
individuals according to height classes illustrates a bimodal distribution with peaks at 50-125 
cm and 250-500 cm, representing juveniles and adult trees (Figure 5.5).  
Average DBH were greater than the 2006 measurements. Most individuals were less than 30 
mm in diameter, with the maximum of 80 mm (Table 5.6). In 2014 few B. gymnorrhiza 
individuals had a DBH below 20 mm (Figure 5.6). Most individuals in 2014 had a DBH between 
30.1-40 mm DBH and the maximum DBH was over 300 mm. Only a few individuals were 
flowering or fruiting during either sampling events. The average height of both the smallest 
and tallest fruiting B. gymnorrhiza was less in 2014 (Table 5.6). This may be due to the number 
of trees measured.  
Table 5.6: Height measurements and proportion of fruiting black mangrove (Bruguiera 
gymnorrhiza) trees measured at Mtamvuna Estuary in 2006 (Rajkaran et al., 2009) and 2014. 
Life stage 
Proportion 
(%) 
Average height (cm ± SE) Average DBH (mm ± SE) 
Year 2006 2014 2006 2014 2006 2014 
Seedling 18 7 25.4 ± 2.2 32.9 ± 2.1 
 
Juvenile 58 38 81.8 ± 2.8 82.23 ± 2.2 
Adult 24 55 329.9 ± 11.6 311.7 ± 12.8 8.5 ± 1.5 12.5 ± 0.8 
 
Min Max 
N 
2006 2014 2006 2014 
Trees with 
calyxes and 
propagules 
12 15 201 150 900 800 103 246 
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Figure 5.5: Height class distribution of black mangrove, Bruguiera gymnorrhiza, individuals 
measured at Mtamvuna Estuary in 2006 (Rajkaran et al., 2009) and 2014. 
 
Figure 5.6: Diameter at Breast Height (mm) of black mangrove, Bruguiera gymnorrhiza, trees at 
Mtamvuna Estuary in 2006 (Rajkaran et al., 2009) and 2014. 
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5.3.4 Extent of disturbance and invasion 
The abundance and distribution of macrophyte habitats has been affected by anthropogenic 
pressure including developments and shallowing due to sedimentation. Analysis of aerial 
photographs indicated that reed expansion had occurred at the Kandandhlovu, Mpenjati and 
Fafa estuaries. Construction of the R106 road bridge has diverted the channel of the upper 
reaches of Umgababa Estuary. A fenced area for subsistence farming (agriculture and cattle 
grazing) occurred within the EFZ in the middle reaches of Umgababa Estuary. Harvesting of 
J. effuses was also evident near the mouth of the estuary (Plate 5.6 a). Roads and houses 
occurred within the EFZ of Kaba Estuary, mainly along the south bank near the mouth. The 
marina development, sugarcane cultivation and plantations on the banks of Fafa Estuary have 
removed swamp forest habitat. A tennis court, grassed area and footbridge was present in the 
lower reaches of Little Amanzimtoti Estuary. 
Almost half of the transects sampled at the estuaries were moderately disturbed as per the 
indicators of the disturbance rating. Only four transects were undisturbed, they were sampled 
at Mtamvuna, Mpenjati, Fafa and Umgababa estuaries. However, only certain zones of 
Mpenjati and Fafa estuaries were undisturbed. The steep banks of Mtamvuna Estuary were 
unsuitable for cultivation and thus the estuary has remained fairly natural. Visual assessment 
indicated that Bilanhlolo Estuary was the most disturbed. Development surrounding the 
estuary has led to canalisation of the open water thus removing reeds, swamp forest and 
coastal forest habitat (Plate 5.6 b). Lawns were also present within the EFZ of the estuary. A 
weir was present in the upper reaches of Mkomazi Estuary (Plate 5.6 c).  
The disturbance rating did not consider the extent of invasive species. The upper reaches (T5 
& 6) of Mtamvuna Estuary, for example, although seemingly undisturbed had a relatively high 
cover of invasive species (Figure 5.7- 5.8). Disturbance encouraged the proliferation of 
invasive species. Invasive species were dominant at Little Amanzimtoti Estuary and the upper 
reaches of Kaba and Fafa estuaries. High average invasive cover (> 25 %) was recorded for 
the upper reaches of Bilanhlolo and Mpenjati estuaries (Figure 5.7- 5.8). In general the lower 
reaches of the estuaries (Transects 1 & 2) were less disturbed, although no strong relationship 
between the zone of the estuary and the disturbance rating was evident. The aquatic invasive 
water lettuce, Pistia stratiotes, covered the open water of Little Amanzimtoti Estuary (Plate 5.6 
d).  
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Disturbance was related to the surrounding land-use, for instance estuaries that were rated 
as less disturbed were mostly classified as ‘natural’ by the National Land-Use map. The 
resolution of the National Land cover map is not fine enough to accurately correlate 
disturbance to land-use. Cultivation, for example, was not present near the vicinity of 
Bilanhlolo Estuary.  
  
  
 
Plate 5.6: (a). Harvesting of ‘Ncema’, J. kraussii, was evident at the lower reaches of Umgababa 
Estuary. (b). A housing development within the Estuarine Functional Zone at Bilanhlolo Estuary. 
(c). Floodplain disturbance from a weir in the upper reaches of Mpenjati Estuary. (d). The 
disturbed lower reaches of Little Amanzimtoti Estuary supported the invasive water lettuce (P. 
stratiotes), T. capensis and a number of weedy herbaceous species. (May 2014).  
 
 
a) b) 
c) d) 
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Figure 5.7: Exotic plant species richness of the (l) lower, (m) middle and (u) upper reaches with 
(t) total richness of estuaries that were assessed at an intermediate level. (The colour of the bars 
corresponds to the disturbance rating assigned).  
 
Figure 5.8: Exotic plant species cover (%) of the (l) lower, (m) middle and (u) upper reaches with 
(a) average cover of estuaries that that were assessed at an intermediate level. (The colour of 
the bars corresponds to the disturbance rating assigned). 
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5.3.5 Present macrophyte health scores 
Scores were assigned to the attributes based on the visual assessments conducted in the field 
and present vegetation maps. Most of the estuaries were in a fair state (‘C’ or ‘D’) (Table 5.7). 
Mtamvuna and Kandandhlovu estuaries have not been affected by development or cultivation 
and thus were both largely natural (‘B’). Development has reduced the health and functionality 
of Bilanhlolo, Fafa and Little Amanzimtoti estuaries to a ‘D’ Ecological Category.  
Table 5.7: Present Ecological State (PES) of macrophytes for the estuaries that were assessed 
at an intermediate level.  
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Absence of cultivation due to steep banks and 
protection being in a nature reserve have resulted in 
little changes since natural conditions. Presence of 
invasive plant species in the upper coastal forest. 
Litter evident in the mangrove habitat, likely from the 
resorts present on both banks.  
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Potential encroachment of reeds since natural 
conditions. A flooding event would, however, 
remove this habitat.  
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Invasive plant species were prominent in the reed 
and swamp forest habitat, potentially displacing 
native species. A weir has affected the physico-
chemical variables of the estuary and sand mining 
has also removed macrophyte habitat.  
70 50 60 
50 
(D) 
K
a
b
a
 
Potential encroachment of reeds since natural 
conditions. Swamp forest habitat has been lost on 
the south bank due to houses and roads within the 
EFZ. Invasive plant species in the swamp/coastal 
forest matrix has altered the species composition. 
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Land cover uses (industrial, resort, plantations and 
cultivation) surrounding the estuary have removed 
swamp forest and resulted in an abundance of 
invasive plant species. Sedimentation has 
shallowed the estuary. A flood is need to flush the 
sediment.  
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Situated in a rural area the estuary is subject to 
human utilisation. Dumping of waste in the open 
water was evident. Harvesting of J. kraussii, if not 
managed, could result in loss of reed habitat. The 
numerous bridges, a community centre and 
subsistence farming have led to a loss of some reed 
habitat. Mangrove habitat has effectively been lost 
from the estuary.  
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developed and invasive plant species have 
proliferated. Reed and swamp forest habitat has 
been lost from the lower reaches. Bridge 
construction may have removed swamp forest from 
the upper reaches. 
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5.4 Comprehensive field assessments 
5.4.1 Mkomazi Estuary 
5.4.1.1 Species composition and macrophyte habitats  
The Mkomazi Estuary supports five of the nine macrophyte habitats recognised (Table 5.8). 
Hibiscus tiliaceus swamp forest was the most abundant habitat, followed by reeds and sedges 
that fringed both banks of the estuary. A stand of B. gymnorrhiza mangroves and a few large 
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A. marina trees, were located on the south bank along the Impisini stream inlet close to the 
mouth of the estuary (Figure 5.9). A few old B. gymnorrhiza trees were also located on the 
north bank near the mouth amongst a stand of invaded coastal forest. Sediment in the reed 
areas was soft and muddy and no macroalgae were visible. No submerged macrophytes were 
identified. There was no evidence to suggest the historical occurrence of any Red Data List 
species. In 2013 35 native plant species in 19 families were recorded at Mkomazi Estuary. 
The majority of species were graminoids (Cyperaceae, Poaceae and Typhaceae) (Table 7.5 
in the Appendix). Exotic plant species were prevalent at Mkomazi Estuary with 16 species 
identified occurring in all macrophyte habitats (Table 7.6 in the appendices). Nearly 90 % of 
the exotic plant species were classified as declared invaders according to CARA (DoA, 2011) 
and NEMBA (DEA, 2012).  
Aside from a small area of coastal forest, little natural floodplain occurred at Mkomazi Estuary 
in 2013. The estuary has been transformed by development (SAPPI SAICCOR Factory), 
sugarcane cultivation, human utilisation (grazing, fishing and sand mining activities) and 
displacement by invasive plant species (Plate 5.7 a-c). Sand mining activities near the SAPPI 
SAICCOR factory have transformed the upper reaches of the south bank. Invasive herbs and 
grasses were prevalent in the disturbed areas. Species present were C. asiatica, Commelina 
diffusa, Conyza scabrida, Lactuca serriola, Laportea penduncularis, Persicaria decipiens and 
bulrush (T. capensis). Macrophyte habitat on the south bank has also been removed for the 
railway and pipelines that supply the factory. Carparks and jetties on both banks in the lower 
reaches of Mkomazi Estuary have removed natural floodplain. Some of the northern bank that 
was previously cultivated is now a disturbed area of grasses and weedy species (Plate 5.8 a 
& b).  
A steep rock face, with Acacia natalensis and the invasive M. azedarach (Plate 5.8 c & d), 
occurred on the north bank opposite the SAPPI SAICCOR Factory. Grasses such as E. 
pyramidalis, Panicum maximum, Setaria megaphylla, S. secundatum fringed the estuary 
channel in the upper reaches. The exotic grass species Paspalum dilatum and Paspalum 
urvillei were also present. A matrix of P. australis, B. discolor and invasive plant species such 
as A. donax and black wattle (Acacia mearnsii) were present behind the fringe of reeds. 
Beefwood (Casuarina cunninghamiana), S. terebinthifolius and peanut butter cassia (Senna 
didymobotrya) trees were abundant in the floodplain.  
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Table 5.8: Species composition and area of macrophyte habitats recorded at the Mkomazi 
Estuary in 2013.  
Habitat type Distribution 
Area 
(ha) 
Open surface 
water area 
Serves as a possible habitat for phytoplankton. 64 
Intertidal sand 
and mudflats 
Intertidal zone consisting of sand/mud banks that were regularly 
flooded by freshwater inflows. This habitat provided a possible area 
for microphytobenthos to inhabit. 
10 
Reeds and 
sedges 
Reed and sedge habitat extended the length of the estuary as a thin, 
disjointed fringe on both banks of the water channel (Figure 5.9). 
Swamp and coastal forest, with invasive plant species prevalent, 
interspersed this habitat (Plate 5.7 d). A thin band of P. australis 
occurred behind hygrophilous grasses on the highly disturbed south 
bank in the upper reaches of the estuary.  
4 
Swamp forest 
Swamp forest fringed both banks in the lower reaches of the estuary 
(Figure 5.9). Near the mouth a single row of H. tiliaceus trees 
occurred in front of a concrete bank (Plate 5.7 e). Phoenix reclinata, 
was conspicuous, especially on the north bank at the mouth. Schinus 
terebinthifolius has replaced some swamp forest habitat and 
creepers, such as Ipomea species, were abundant in this habitat 
(Plate 5.7 f).  
9 
Mangroves 
Mangroves was present in the lower reaches of Mkomazi Estuary, 
mostly on the south bank (Figure 5.9). The mangroves occurred 
along the narrow Impisini stream inlet, near the old ski boat slipway. 
This stand consisted almost entirely of B. gymnorrhiza trees that 
were set back from the water channel by a fringe of reeds and 
sedges (Plate 5.9 a.). Some of the larger B. gymnorrhiza trees 
present on the south bank exhibited growths on their lower trunks 
(Plate 5.9 b.). Crab holes were visible on the mud flats surrounding 
the mangroves. The area was polluted with litter and debris that was 
wrapped around the mangrove trunks (Plate 5.9 c.). A few large A. 
marina trees occurred further inland of this stand. A few older 
individuals of B. gymnorrhiza (Plate 5.7 d) were also sparsely 
distributed along the north bank of Mkomazi Estuary close to the 
mouth, as indicated by the points in (Figure 5.9).These tall 
individuals were situated in a disturbed area of coastal dune forest 
(Plate 5.9.e.). Wood harvesting was evident on some of the 
individuals present on the north bank (Plate 5.9 f.).  
1 
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Figure 5.9:  Macrophyte habitat distribution at Mkomazi Estuary in 1937 (left) and 2013 (right). 
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Plate 5.7: (a) Cows grazing on the disturbed banks of Mkomazi Estuary. (b). Sand mining 
activities occurring on the south bank close to the SAPPI SAICCOR factory. (c). Railway and 
effluent pipe lines for the SAPPI SAICCOR factory, located on the south bank of Mkomazi 
Estuary. (d). Reed and sedge habitat fringing the banks of the Mkomazi Estuary with Syringa 
trees in the background. (e). A narrow fringing band of H. tiliaceus occurring along the south 
bank at the mouth of Mkomazi. (f). Invasive Brazilian pepper trees growing amongst swamp 
forest on the north bank of the Mkomazi Estuary. (June 2013). 
  
  
  
a) b) 
c) d) 
e) f) 
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Plate 5.8: (a & b). A steep rock face on the north bank across from the SAPPI SAICCOR factory 
at Mkomazi Estuary. (c & d). Agriculture on the north bank in the middle reaches of Mkomazi 
Estuary has since been removed and is now (2009) disturbed habitat.  
  
a) 
c) 
b) 
d) 
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Plate 5.9. (a.) A stand of B. gymnorrhiza situated amongst reeds and sedges at the Impisini 
stream inlet on the south bank of Mkomazi Estuary. (b). Growths present on the trunks of B. 
gymnorrhiza individuals. Plastic gut was also wrapped around some of the trunks. (c). Litter and 
debris accumulation in the mangrove stand along a stream inlet on the south bank of Mkomazi 
Estuary. (d) Tall B. gymnorrhiza individuals occurring north of the Mkomazi Estuary mouth. (e). 
Disturbed swamp forest habitat with older B. gymnorrhiza trees on the north bank of Mkomazi 
Estuary. (f). Wood harvesting evident on B. gymnorrhiza trees growing north of the mouth. (May, 
2013).  
 
 
 
 
  
a) b) 
c) 
d) 
e) 
f) 
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5.4.1.2 Mangrove population structure 
A total of 98 B. gymnorrhiza individuals were measured on the south bank near the mouth of 
the Mkomazi Estuary. There was a 75 % increase in the number of B. gymnorrhiza trees at 
Mkomazi Estuary since 2006, with more juvenile and adult trees measured (Table 5.9). The 
number of adult trees present was almost triple that of the 2006 population, however the 
average height and DBH has almost halved. The smallest seedling was 10 cm in height and 
adult trees ranged in height from 130 to 400 cm. There were taller trees present but they could 
not be accessed for measurement. Presently the adult to seedling ratio is 6:1, whereas the 
2006 ratio was 1.5:1. A quarter of the B. gymnorrhiza trees were fruiting in July 2013 compared 
to 42 % in 2006 (Table 5.9). In 2013, fruiting juvenile trees were noted, whereas in 2006 the 
shortest fruiting tree was 170 m. The maximum height of fruiting B. gymnorrhiza trees was 
nearly half in 2013 compared with that in 2006.  
Table 5.9: Height measurements and proportion of fruiting black mangrove (Bruguiera 
gymnorrhiza) trees measured at the Mkomazi Estuary in 2006 (Rajkaran et al., 2009) and 2013. 
Life stage 
Proportion 
(%) 
Average height (cm ± SE) Average DBH (mm ± SE) 
Year 2006 2013 2006 2013 2006 2013 
Seedling 32.1 11.2 32.1 ± 2.2 27 ± 3.3 
 
Juvenile 21.4 22.5 60.8 ± 2.7 72.3 ± 5.3 
Adult 46.4 66.3 538.5 ± 37.2 236.1 ± 6.2 21.7 ± 2 5.9 ± 0.6 
 
Min Max 
N 
2006 2013 2006 2013 
Trees with 
calyxes and 
propagules 
42 24.5 170 100 700 400 61 100 
The B. gymnorrhiza population (2006 and 2014) at Mkomazi Estuary illustrated a bimodal 
distribution with peaks in seedling (25-50 cm) and adult size classes (Figure 5.10). The 2006 
B. gymnorrhiza population had high numbers of individuals at the shortest (0-75 cm) and tallest 
(500-700 cm) heights. Juvenile trees were the least represented in both 2006 and 2013. The 
tallest trees were recorded in the 2006 B. gymnorrhiza population, however the tallest trees 
were not assessed in 2013. In 2013, the DBH of the measured B. gymnorrhiza individuals 
peaked between 30-60 mm and decreased towards the greater DBH classes, aside from 8 % 
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that were greater than 110 mm in diameter (Figure 5.11). Inversely, the DBH of the 2006 B. 
gymnorrhiza population at the Mkomazi Estuary increased towards the higher DBH classes. 
The most individuals fell within the 100.1-110 mm DBH class.  
 
Figure 5.10: Height class distribution of black mangrove, Bruguiera gymnorrhiza, individuals 
measured on the south bank of Mkomazi Estuary in 2006 (Rajkaran et al., 2009) and 2013. 
 
Figure 5.11: Diameter at Breast Height (mm) distribution of black mangrove, Bruguiera 
gymnorrhiza, trees at Mkomazi Estuary in 2006 (Rajkaran et al., 2009) and 2013.  
5.4.1.3 Changes over time 
The distribution of macrophyte habitats has remained the same as the historical accounts from 
the 1950-1980s, as well as the 1998 assessment. In 2013, the water channel covered a  
30.6 % greater area and sand/mudflats had decreased by 4 ha compared with that in 1937. 
Reed habitat has declined by 71 % since 1937 with the greatest loss being a stand present 
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on the south bank close to the mouth (Plate 5.10). Mangrove habitat was not distinguishable 
in the 1937 aerial photographs, but the last reported area of mangroves at Mkomazi Estuary 
was 2 ha. Thus the area of mangrove habitat in 2013 had halved since 2006. In 2013 swamp 
forest increased by 2 ha from 1937. The increase may be inaccurate due to difficulty in 
distinguishing swamp forest from interspersed S. terebinthifolius as well as coastal forest. A 
similar difficulty was encountered for the mapping of the area covered by mangroves. In 2013 
cultivated land occupied 70 % less area than in 1937. The SAPPI SAICCOR Factory and sand 
mining activities have removed area likely to have been reeds and sedges under natural 
conditions. Transformed areas been colonised by opportunistic invasive species.  
The area comparable to the extent of the 1937 aerial image the floodplain of Mkomazi Estuary 
occupies 147 ha (Table 5.10). Under natural conditions the water channel and sand/mudflats 
covered an estimated 50 ha therefore almost a 100 ha were under macrophyte habitats and 
coastal forest. Since the date of the aerial photographs is unknown, this comparison is not 
accurate as images may have been taken during different flow scenarios. The large sandbar 
at the mouth of the Mkomazi Estuary in 2013 was not significant in comparison to the 1937 
aerial photographs.  
Table 5.10: Changes over time in the area (ha) covered by macrophyte habitats at Mkomazi 
Estuary mapped from available aerial photographs.  
Macrophyte habitat 
Lower 
reaches 
Entire estuary 
1937 2013 Natural 2013 
Open water 36 47 50 64 
Natural floodplain 8 12 34 15 
Disturbed floodplain 3 44 0 47 
Cultivation 63 19 0 19 
Sand and mudbanks 14 10 20 9 
Reeds and sedges 14 4 45 4 
Swamp forest 7 10 25 10 
Mangroves 0 1 0 1 
TOTAL 174 
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Plate 5.10: Reed and sedge habitat, as indicated by the red outline, occurred on the south bank 
in the lower reaches of Mkomazi Estuary in the 1970s, but has deteriorated to a grassy matrix 
with A. donax abundant in 2009. 
5.4.1.4 Present macrophyte condition 
Fewer species were recorded in 2013 than the 67 native species described by Adams and 
Bate (1998). However, 21 of these species were coastal forest trees and creepers, such as R. 
rhomboidea, that were not recorded in the 2013 sampling. Dune pioneer species such as G. 
rigens were not noted in the 2013 sampling, but it is unlikely that these species have been lost 
from the floodplain. The absence of S. nicolai in 2013 is of interest as it is a conspicuous 
swamp forest species. Some of the species collected in 2013, including E. pyramidalis and P. 
mauritianus, were not identified in the 1998 assessment. The invasive S. didymobotrya was 
abundant at Mkomazi Estuary in 2013, but was not recorded in 1998. In addition to the exotic 
plant species recorded in 2013, inkberry (Cestrum laevigatum), lantana (L. camara) and  
C. grandiflorum were recorded in 1998.  
Although fewer species were recorded in 2013 than in 1998 it is unlikely that species richness 
has declined as seasonality and extent of sampling would also affect species composition. 
Based on the historical descriptions no macrophyte habitats have been completely lost from 
the estuary. Under natural conditions macrophyte habitats would have occupied roughly 100 
ha, depending on the extent of the water channel. In 2013 only 27 ha were covered with 
macrophyte habitats (including natural floodplain). Reeds and mangrove habitat has been lost 
since natural conditions.  
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The data in Table 5.11 were used to inform the changes in the macrophyte habitats over time. 
Invasive plant species have become prevalent in the estuary and likely displaced native 
species. Thus an alien plant subgroup was added for the calculation of the community 
composition. Although naturally dominated by reeds and sedges, in 2013 swamp forest 
dominated Mkomazi Estuary representing a change in community composition over time.  
Table 5.11: Area (ha) covered by macrophyte habitats and calculation of the similarity in 
community composition for Mkomazi Estuary. 
Habitat type 
% natural 
area cover 
% 2013 
area cover 
Minimum 
Open water 29 37 29 
Sand and mud 
banks 
11 5 5 
Swamp forest 14 6 6 
Reeds and sedges 26 2 2 
Mangroves 0 1 0 
Natural floodplain 20 9 9 
Cultivated floodplain 0 11 0 
Disturbed floodplain 0 27 0 
Alien vegetation 0 3 0 
% similarity 51 
 
The 2013 macrophyte condition of Mkomazi Estuary was 35, which is a poor state or highly 
degraded ‘E’ Ecological Category (Table 5.12). The loss of macrophyte habitat at Mkomazi 
Estuary is almost entirely due to sugarcane cultivation and developments within the floodplain, 
hence the high percentage change in macrophyte health is not flow related. Sedimentation 
and nutrient enrichment caused by decreased freshwater inflow could have encouraged the 
expansion of reeds and sedges. Macrophyte health would likely decline in the event of 
increased abstraction. Increased abstraction from Mkomazi Estuary would reduce base flows 
resulting in the mouth closing for extended periods of time. This would increase the open water 
area thereby reducing the area covered by reeds and sedges. Salinity would also increase 
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due to closed conditions, however it would remain within the tolerance range of reeds, sedges 
and swamp forest. Saline conditions would encourage the growth and expansion of mangrove 
habitat. 
Table 5.12: Similarity scores for macrophytes in the present condition relative to the reference 
condition for Mkomazi Estuary. 
Variable Change from natural Score 
Species 
richness 
Species have been lost due to floodplain 
transformation, increased salinity and displacement by 
invasive plant species. 
80 
Abundance 
Sugarcane cultivation and development has removed 
macrophyte habitat, particularly reeds and swamp 
forest. Mangrove habitat has been lost due to 
decreased inundation and disturbance. 
35 
Community 
composition 
Invasive plant species have colonised disturbed areas. 
Grasses and invasive species have interspersed into 
reed habitat. Swamp forest habitat in the lower reaches 
has been reduced by development (roads, 
canalisation, railway line and pipe lines). 
51 
Macrophyte health score 35 
% of impact non-flow related 70 
Adjusted score 60 
 
5.4.2 Mvoti Estuary 
5.4.2.1 Species composition and macrophyte habitats 
The Mvoti Estuary has a wide riparian area that supports four of the nine macrophyte habitats 
as described in Table 5.13. In total 23 native species in 15 families and 18 exotic plant species 
were recorded at Mvoti Estuary in 2013 (Table 7.7 in the Appendix). Of the exotic plant 
species, 12 were declared invaders as listed by CARA (DoA, 2011) and NEMBA (DEA, 2014). 
Reeds and sedges, particularly P. australis, dominated the floodplain (Plate 5.11 a). Swamp 
forest, represented by B. racemosa and H. tiliaceus covered the second largest area.  
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A homogenous stand of B. racemosa occurred south of the mouth below the Jex Estate (Plate 
5.11 b). Seedlings were evident in this stand (Plate 5.11 c). Leaf litter was abundant and a few 
crab holes were present. Extensive sand/mudflats, that attract bird populations, were present 
at the mouth of the Mvoti Estuary (Plate 5.11 d). A large sand bank directed the mouth to flow 
out in a southerly direction and was utilised for fishing. Hygrophilous grasses, mainly E. 
pyramidalis, fringed the water channel before the reeds and sedges habitat (Plate 5.11 e).  
Coastal dune forest occurred on a slope to the north of the estuary, close to the reeds, sedges 
and freshwater pools. Plant species present included: S. nicolai, B. discolor, M. caffra, S. 
inerme and dune myrtle (Eugenia capensis). A similar species composition was present on 
the slope below the Jex Estate on the south bank at the mouth (Plate 5.10 f). Other plant 
species present in this invaded patch of coastal forest were C. monilifera, C. macrocarpa and 
the invasive C. equisetifolia and prickly pear trees (Opuntia ficus-indica). The lone Hyphaene 
natalensis palm was still present near the parking area south of the estuary. Although not 
mapped dune vegetation (Commelina africana, G.rigens, I. pes-capre and S. plumieri) was 
present on the sand and mudflats (Plate 5.12 a). Schoenoplectu scirpoides grew around 
freshwater pools located north of the estuary (Plate 5.12 b). Eichhornia crassipes, blue 
Egyptian water lily (Nymphaea nouchali) and an unidentified filamentous algae were present 
in freshwater pools located north of the mouth (Plate 5.12.c, d.).  
Little natural floodplain remains at the Mvoti Estuary largely due to sugarcane cultivation. 
Aside from the N2 road bridge no other developments occur within the floodplain of the 
estuary. A number of invasive species were present in the estuary, most occurring as bush 
clumps within the monospecific Phragmites spp. stands in the lower reaches. Abundant 
species were S. terebinthifolius, R. communis, S. punicea and L. camara. Invasive shrubs and 
climbers, such as A. conyzoides were also present. There was evidence of wetland draining 
to increase the area suitable for cultivation. A disturbed area that was drained on the south 
bank consisted of P. australis, T. capensis, A. conzyoides, P. decipiens and I. purpurea. 
Blackjack (Bidens bipinnata) and geelbessie (Othonna natalensis) were present in the 
undergrowth of reed habitat. A full list of invasives present at Mvoti Estuary is provided in 
Table 7.8 in the Appendix. 
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Table 5.13: Present species composition and area of macrophyte habitats in the Mvoti Estuary. 
Habitat type Distribution 
Area 
(ha) 
Open surface 
water area 
Serves as a possible habitat for phytoplankton. 15 
Intertidal 
sand and 
mudflats 
Intertidal zone consists of sand/mud banks that are regularly 
flooded by freshwater inflows. This habitat provides a possible 
area for microphytobenthos to inhabit. 
5 
Swamp 
forest 
A healthy stand of B. racemosa, with numerous seedlings 
present, occurred on the south bank at the mouth of Mvoti Estuary 
(Figure 5.12). No species occurred in the undergrowth of the 
stand. H. tiliaceus trees occurred behind the reeds and sedges 
surrounding the sand/mudbanks at the mouth of Mvoti Estuary. 
The lagoon hibiscus habitat was heavily invaded with Ipomoea 
creepers and Setaria sphacelata grass. 
2 
Reeds and 
sedges 
A dense monospecific stand of P. australis and P. mauritianus 
covered over a third of the floodplain of Mvoti Estuary (Figure 
5.12). Reeds and sedges were dominant in the lower reaches of 
the estuary and occurred behind a fringe of hygrophilous grasses 
surrounding the water channel. A stand of S. scirpoides occurred 
on the sand and mudflats at the mouth of the estuary, particularly 
near the pools of freshwater to the north. Dune vegetation and 
weed species (e.g. L. camara, Lactuca serriola and Plantago 
major) were present in the undergrowth of the reeds and sedges 
situated at the mouth of Mvoti Estuary. Bush clumps, consisting 
mostly of invasive trees (S. terebinthifolius, S. punicea and M. 
azedarach), were present in the reed habitat situated on the south 
bank between the sugarcane cultivation and the water channel. 
Arundo donax and a bamboo species was interspersed in the 
reeds and sedges surrounding the sand and mud flats at the 
mouth of the estuary. 
90 
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Figure 5.12: Distribution of macrophyte habitats within the Estuarine Functional Zone (5 m contour) at Mvoti Estuary in (left) 1937 and right (2013).
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Plate 5.11: (a). Reeds dominated the floodplain of Mvoti Estuary with sugarcane cultivation visible in the 
background. (b). A stand of B. racemosa occurred on the south bank near the mouth of the estuary. (c). 
Juvenile individuals of B. racemosa were present the stand. (d). Extensive sand/mudbanks present at the 
mouth of Mvoti Estuary. (e). The banks of the middle reaches of Mvoti Estuary were fringed with grasses, 
behind which reeds occurred. Patches of coastal forest including P. reclinata evident in the background. 
(f). Invaded coastal forest on the south bank of the mouth of Mvoti Estuary. Prickly pear present in the 
foreground and Casuarina trees in the background. (July 2013). 
a) b) 
c) d) 
e) f) 
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Plate 5.12: (a). Pioneer dune species present at the mouth of Mvoti Estuary with reeds in the 
middle and swamp forest in the background. b). A stand of S. scirpoides surrounding pools of 
freshwater north of the mouth of Mvoti Estuary. (c). Water lilies floating on the surface of 
freshwater pools located to the north of the estuary mouth. (d). Macroalgal growth within the 
freshwater pools located to the north of the Mvoti Estuary mouth. (July 2013). 
5.4.2.2 Changes over time  
The distribution of macrophyte habitats at the Mvoti Estuary in 2013 was similar to the 
historical accounts dating back to 1970. The stand described by Begg (1978) on the south 
bank of Mvoti Estuary was still present in 2013. Almost the entire floodplain (71.9 %) of the 
Mvoti Estuary was already under sugarcane cultivation in 1937 (Figure 5.13 a & b). Thus, the 
area mapped from the 1937 aerial photographs was adjusted to provide an estimate of natural 
macrophyte cover (Table 5.14). In 2013 this area had declined to 45 % enabling the expansion 
of reed habitat. Reed and sedge habitat has almost quadrupled since 1937 where it only 
fringed the water channel.  
a) b) 
c) d) 
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The dune vegetation present along the sandbar at the mouth was not visible from aerial 
photography and therefore was not mapped (Figure 5.13). Swamp forest could not be mapped 
from the 1937 aerial photograph, but it is assumed that it would have naturally occurred in the 
estuary. Due to the abundance of swamp forest along the KZN coast and the siz of the estuary, 
the area natural covered by swamp forest was estimated to be 5 ha. The channel of Mvoti 
Estuary has changed over time (Figure 5.14). The river channel has narrowed upstream and 
abandoned a large area immediately north of the bend in the estuary. This area has become 
overgrown by hygrophilous grasses. Sand and mudflats have also been overgrown with reeds.  
Under natural conditions it is assumed that reed habitat would have covered a larger area than 
visible in the 1937 aerial photographs. Some of this habitat was cleared for agricultural 
activities and under the present water regime has greatly increased in area covered. Reeds, 
sedges and grasses have proliferated due to increased nutrient availability from catchment 
activities (WWTWs and industrial discharges). Reductions in flow have increased closed 
mouth conditions which results in nutrient retention. Decreased flooding events have caused 
the estuary to become more stable, depositing sediment and infilling intertidal habitat. Invasive 
plant species have become problematic due to catchment and floodplain disturbance. 
Increased nutrients could also encourage the proliferation of invasive aquatics.  
Table 5.14: Changes over time in the area (ha) covered by macrophyte habitats at the Mvoti 
Estuary mapped from available aerial photographs.  
Macrophyte habitat 
Area 
Natural 1937 2013 
Open water 27 27 16 
Cultivation 0 184 116 
Sand and mudbanks 22 22 6 
Reeds and sedges 40 23 87 
Swamp forest 5 0 2 
Natural floodplain 191 29 0 
Hygrophilous grasses 0 0 51 
Alien vegetation 0 0 7 
TOTAL 285 
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Figure 5.13: (a). Sugarcane cultivation extended to the estuary channel of Mvoti Estuary in 1937. 
(b). Disturbed reed habitat occurred alongside the estuary channel in 2013. (c).The extensive 
sand/mud banks present at the mouth of Mvoti Estuary in 1937. (d). In 2013 less area was 
covered by sand/mud banks at Mvoti Estuary. 
  
  
a) b) 
c) d) 
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Figure 5.14: Channel changes in the Mvoti Estuary over time. The red line indicates the boundary 
of the Estuarine Functional Zone (i.e. the 5 m contour). 
5.4.2.3 Macrophyte health condition 
Fewer native species were recorded in 2013 than the 42 recorded in 1996. The difference was 
attributed to the inclusion of coastal forest species in 1996, as well as seasonality and 
potentially overlooking species. In total, over the two sampling trips, 50 native plant species in 
27 families have been identified in the Mvoti Estuary. The majority of species from both 
sampling trips were graminoids (Poaceae) and herbaceous plants (Asteraceae). Although 
fewer graminoids were recorded in 2013, particularly from the families Cyperaceae and 
Juncaceae. The following species were identified in 2013, but were not recorded in 1996: B. 
racemosa, C. macrocarpa, C. africana, E. lysistemon, P. australis and T. capensis. Exotic 
plant species richness has increased since 1996.  
Under natural conditions approximately 230 ha of macrophyte habitat, mostly reeds and 
sedges, would have occurred within the floodplain of the Mvoti Estuary. In 2013 this area has 
been reduced to 92 ha almost entirely due to sugarcane cultivation. Reed and swamp forest 
habitat has increased in area since the 1937 aerial photograph. However, under natural 
conditions it is likely that the area covered by these macrophyte habitats would have been 
greater. Swamp forest was probably present under natural conditions, but due to image quality 
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could not be mapped from the 1937 aerial photographs. In terms of macrophyte abundance 
the 2013 conditions have a 40 % similarity to natural conditions. 
The data in Table 5.15 were used to inform the changes in the macrophyte habitats over time. 
Alien plants were added as a subgroup as they occupy a large area and thus have 
substantially affected the natural estuarine vegetation. Hygrophilous grasses fringed the water 
channel in 2013. Based on the historical accounts, it is likely these species have been 
introduced to the estuary so as to stabilise the banks. No macrophyte habitats have been lost 
from Mvoti Estuary, however the loss of natural floodplain, the extent of invasive species and 
the presence of hygrophilous grasses has resulted in a low similarity in community 
composition compared to natural conditions.  
Table 5.15: Area (ha) covered by macrophyte habitats and calculation of similarity in community 
composition for Mvoti Estuary. 
Macrophyte habitat 
% natural 
area 
cover 
% 2013 
area 
cover 
Minimum 
Open water area 9.5 6 6 
Intertidal sand and mudflats 7.7 2 2 
Swamp forest 2.1 1 1 
Reeds and sedges 14.0 31 14 
Natural floodplain 66.7 0 0 
Degraded floodplain 0.0 59 0 
Alien vegetation 0.0 2 0 
% similarity 23 
 
The 2013 macrophyte health score of the Mvoti Estuary is 20, which is a poor state or 
extremely degraded ‘F’ (Table 5.16). The low macrophyte health score for the Mvoti Estuary 
is due largely to sugarcane cultivation within the floodplain, hence the high non-flow related 
impact score. Decreased flooding events and loss of the meandering nature of the estuary 
create a more stable environment which favours the growth of reeds, sedges and grasses. An 
increase in the frequency of the closed mouth state will increase water level and salinity and 
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threaten swamp forest habitat. Increase in low flow conditions would encourage the 
establishment of invasive aquatics such as water hyacinth as they thrive under calm water 
conditions. 
Table 5.16: Similarity scores of macrophytes in the present condition relative to the reference 
condition for Mvoti Estuary. 
Variable Summary of change Score 
Species richness 
Large monospecific stands of reeds and sedges 
cause low diversity. Invasive plant species 
potentially displaced some species. Species have 
been lost because of disturbance of the floodplain. 
60 
Abundance 
Extensive sugarcane cultivation in the floodplain has 
reduced macrophyte habitat. There has been an 
increase in reeds, sedges, hygrophilous grasses 
and floating invasive aquatics as a result of nutrient 
input. The system is less dynamic, emergent 
macrophytes now colonise stabilised sand and 
mudbanks which are removed by large floods. 
20 
Community 
composition 
Natural floodplain is now cultivated with sugarcane. 
Sand and mud flats have been colonized by reeds, 
sedges and grasses. 
23 
Biotic component health score 20 
% of impact non-flow related 60 
Adjusted score 32 
 
5.5 Estuaries important from a botanical perspective 
Literature suggests that half of the estuaries situated in WMA 11 support swamp forest habitat, 
nine mangrove habitat and eight submerged macrophytes. Ground truthing in the field and 
vegetation mapping, however, showed the loss of some of these sensitive macrophyte 
habitats from WMA 11 estuaries. Submerged macrophytes, in particular, were not evident at 
any of the estuaries assessed in the field. Since submerged macrophytes are naturally not 
abundant in KZN estuaries their distribution was not included in determining importance from 
a botanical perspective.  
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Estuaries supporting sensitive macrophyte habitats in 2013/2014 were considered more 
important than estuaries where habitats had been described historically. The 25 estuaries 
situated in WMA 11 that are important from a botanical perspective are presented in (Table 
5.17 and Figure 5.15). Although swamp forest is abundant in KZN estuaries, freshwater 
mangrove (B. racemosa) was only evident at 23 % of the estuaries that were assessed in the 
field. Mangrove habitat occurred mainly in the estuaries surrounding the Durban Metropolitan. 
Mangroves were also present along the south coast near Port Edward. Literature suggests 
that Mhlali Estuary may presently support B. racemosa habitat as well. This species is less 
abundant than lagoon hibiscus (H. tiliaceus) and thus B. racemosa swamp forest should be 
distinguished from common swamp forest. 
The Little Amanzimtoti Estuary, for example, was considered more important than estuaries 
with large areas of swamp forest, as the estuary supported B. racemosa and previously 
supported mangrove habitat. The last six estuaries considered important from a botanical 
perspective previously supported mangrove habitat. These estuaries were ranked according 
to their position along the coastline. Further field studies would be required to determine the 
importance rank of these estuaries. It must also be noted that not all estuaries considered 
important from a botanical perspective were sampled in this study. The current presence and 
area cover data may therefore be outdated. 
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Table 5.17: The 25 estuaries considered to be important from a botanical perspective in the 
Mvoti-Mzimkulu Water Management Area. 
Rank Estuary Rank Estuary 
1 Mgeni 14 Fafa 
2 Durban Bay 15 Intshambili 
3 Sipingo 16 Mpenjati 
4 Mkomazi 17 Lovu 
5 Mtamvuna 18 Umgababa 
6 Little Amanzimtoti 19 Mahlongwa 
7 Mzimkulu 20 Kandandhlovu 
8 Mdlotane 21 Bilanhlolo 
9 Mhlabatshane 22 Kongweni 
10 Zinkwasi 23 Mhlangankhulu 
11 Damba 24 Msimbazi 
12 Mdloti 25 Mhlanga 
13 Mhlali  
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Figure 5.15: Distribution of past and present (2014) cover of mangrove and swamp forest habitat 
in the estuaries of the Mvoti-Mzimkulu Water Management Area. Area supplied after ‘;’ indicates 
swamp forest habitat. Current (2014) presence of Barringtonia racemosa swamp forest indicated 
by ‘*’. Locations of main urban areas included.  
Port Shepstone 
Durban 
Scottburgh 
Manzimtoti 
Port 
Edward 
Margate 
KwaZulu-Natal 
Current mangrove 
Current swamp forest 
Macrophyte habitat 
Past mangrove 
Zinkwasi, 11.3 ha 
Mdlotane, 12.3 ha 
Mhlali, 7 ha 
Mdloti, 7.8 ha 
Mhlanga, <0.5 ha 
Mgeni, 20.3 ha 
Durban Bay, 16 ha 
Sipingo, 3.8 ha; 16 ha 
Little Amanzimtoti, <0.5 ha; 6.5 ha * 
Lovu, 2 ha 
Msimbazi, 0.5 ha  
Umgababa, 0.5 ha 
Mkomazi, 2 ha (1 ha); 9 ha 
Mahlongwa, 1 ha 
Fafa, 6.6 ha 
Mhlabatshane, 11.5 ha 
Intshambili, 6.3 ha 
Damba, 9 ha * 
Mhlangankhulu, 0.5 ha 
Mzimkulu, 15 ha 
Kongweni, 0.5 ha 
Bilanhlolo, 0.5 ha 
Mpenjati, 6 ha 
Kandandhlovu, 0.5 ha 
Mtamvuna, 0.3 ha 
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5.6 Critique of macrophyte health assessment methods 
5.6.1 Confidence of desktop assessment  
The macrophyte health scores determined by the desktop assessment differed from the NBA 
differed for seven estuaries that were assessed in the field (Table 5.18). The macrophyte 
health scores of the Damba and Little Amanzimtoti estuaries were lower in the desktop 
assessment than in the NBA. The Msimbazi Estuary, however, had an improved macrophyte 
health score (‘B’ as opposed to ‘C’) when determined by the desktop assessment. The 
difference in the other scores were not significant enough to result in a change of Ecological 
Category. The macrophyte health scores produced by the field assessments had a 50 % 
similarity to the scores determined by the desktop assessment. Field assessments provided 
improved macrophyte health scores for the Kandandhlovu, Mhlangamkulu and Mhlungwa 
estuaries, while the Mpenjati, Kaba and Fafa estuaries declined to a lower Ecological 
Category. The Fafa Estuary was the only example where the desktop assessment assumed 
an improved health over the NBA, but the field survey resulted in a lower macrophyte health. 
In some instances, namely the Ngane and Umgababa estuaries, the field assessments 
resulted in the same scores as the NBA, which were lower than the desktop assessment.  
Increasing sampling intensity resulted in greater differences in the macrophyte health scores 
produced. Macrophyte health scores tended to decline with increased sampling intensity. Both 
comprehensive field assessments resulted in macrophyte health declining from a ‘D’ to ‘E’ 
Ecological Category. Often the change from one Ecological Category to another is on the 
border of the range of conditions. For example, field assessments scored macrophyte health 
of the Mhlungwa Estuary as a ‘D’, whilst the NBA determined its health to be in an ‘E’ 
Ecological Category. The difference between the scores was, however, only 1 percent.  
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Table 5.18: Comparison of the macrophyte health scores determined by the different 
assessment methods. Green indicates a ‘B’ Ecological Category, blue a ‘C’, orange a ‘D’ and red 
an ‘E’. (* intermediate studies, ** comprehensive studies). 
Estuary NBA 
Desktop 
assessment 
Field 
surveys 
Mtamvuna* 80 80 80 
Kandandhlovu* 70 70 80 
Mpenjati* 70 70 50 
Kaba* 70 70 60 
Bilanhlolo* 55 55 40 
Mhlangamkulu 60 60 75 
Damba 70 50 60 
Intshambili 60 60 70 
Mzumbe 40 40 40 
Mhlabatshane 60 60 65 
Mhlungwa 40 50 50 
Fafa* 60 70 40 
Mahlongwa 60 60 70 
Mahlongwana 60 60 60 
Mkomazi** 60 60 29 
Ngane 60 70 60 
Umgababa* 60 70 60 
Msimbazi 65 80 50 
Lovu 60 60 60 
Little Amanzimtoti* 60 30 40 
Mhlali 60 60 70 
Mvoti** 50 50 22 
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5.6.2 Constructing macrophyte health scores 
The min-average approach produced greater macrophyte health scores than the minimum 
approach (Table 5.19). The greatest increase in macrophyte health was for the Mvoti Estuary, 
where the scores increased by 9 % when applying the min-average approach. This method 
illustrates the influence of one low or high indicator score on the overall macrophyte health 
score.  
Table 5.19: Comparison of minimum macrophyte health scores to min/average macrophyte 
health scores. (Green indicates a ‘B’ Ecological Category blue a ‘C’, orange a ‘D’ and red an ‘E’). 
Estuary 
Species 
richness 
Abundance 
Community 
composition 
Minimum 
health 
score 
Min-
average 
health 
score 
Mtamvuna 80 80 80 80 80 
Kandandhlovu 80 80 80 80 80 
Mpenjati 70 50 60 50 55 
Kaba 65 60 70 60 62.5 
Bilanhlolo 65 40 40 40 43.3 
Fafa 60 40 40 40 43.3 
Mkomazi 80 29 51 29 41 
Umgababa 70 70 60 60 63.3 
Little 
Amanzimtoti 
60 40 50 40 45 
Mvoti 60 38 22 22 31 
 
5.6.3 Calculation of attributes 
5.6.3.1 Abundance 
The different approaches used to determine the change in macrophyte abundance over time 
produced greatly differing scores ranging from 22-65 for Mkomazi Estuary and 38-80 for Mvoti 
Estuary. Table 5.20-22 indicate the application of the differing approaches of calculating 
macrophyte abundance for the Mkomazi and Mvoti estuaries. There was no similarity in the 
scores produced by the different approaches for either estuary. The highest macrophyte 
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abundance score for Mkomazi Estuary was produced when including all estuary habitats 
within the EFZ (i.e. macrophyte habitats, physical habitats and natural floodplain). The 
average approach produced a similar macrophyte abundance score. Calculations for Mvoti 
Estuary, however, indicated that only including macrophyte habitats produced the greatest 
macrophyte abundance score. 
Table 5.20: Calculating macrophyte abundance using average percentage change for each 
macrophyte habitat of Mkomazi Estuary. 
Habitat type 
Natural 
cover (ha) 
Present 
cover (ha) 
Percentage change 
Open water 50 64 
(Natural cover-present cover)/ natural 
cover x ±100 
(50-64= -14)/50 x -100 
= 28 
Sand and mud banks 20 9 55 
Swamp forest 25 10 60 
Reeds and sedges 45 4 91 
Mangroves 0 1 100 
Natural floodplain 34 15 56 
% Similarity 
Average of percentage change values 
= 65 
% Change 
100- % similarity 
= 35 
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Table 5.21: Calculating macrophyte abundance for Mkomazi Estuary using different 
combinations of macrophyte habitats. 
Macrophyte 
habitat 
Natural 
cover (ha) 
Total natural 
cover 
Present 
cover (ha) 
Total present 
cover 
Open water 50 
Sum of natural 
macrophyte 
habitat cover 
 
= 174 
64 
Sum of present 
macrophyte 
habitat cover 
 
= 103 
Sand and mud 
banks 
20 9 
Swamp forest 25 10 
Reeds and 
sedges 
45 4 
Mangroves 0 1 
Natural floodplain 34 15 
All macrophyte habitats 
% similarity 
Total present cover/total natural cover x 100 
(103/175x100) 
= 59 
Excluding physical habitats 
% similarity 
Total present cover/total natural cover x 100 
(30/103x100) 
= 29 
Excluding physical habitats and natural floodplain 
% similarity 
Total present cover/total natural cover x 100 
(15/69x100) 
= 22 
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Table 5.22: Macrophyte abundance scores for Mvoti Estuary using different calculation 
methods. 
Approach % similarity 
All macrophyte habitats 39 
Excluding physical habitats 38 
Excluding physical habitats and 
natural floodplain 
68 
Average percentage change 20 
 
5.6.3.2 Community composition 
The different approaches of determining macrophyte community composition produced 
varying results, ranging from 17-59 for the Mkomazi Estuary and 17-27 for the Mvoti Estuary. 
Interestingly similar trends are not noticed between the different community composition 
scores produced for the Mkomazi and Mvoti estuaries. For instance, using all macrophyte 
habitats produced the highest community composition score for the Mkomazi Estuary, 
whereas excluding physical habitats and natural floodplain produced the highest score for the 
Mvoti Estuary. 
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Table 5.23: Calculating macrophyte community composition for Mkomazi Estuary using different combinations of macrophyte habitats. 
Habitat type 
All macrophyte habitats Excluding physical habitats 
Excluding physical habitats and natural 
floodplain 
Natural 
area 
2013 area Minimum 
Natural 
area 
2013 area Minimum 
Natural 
area 
2013 area Minimum 
Open water 
50 64 
50 / / / / / / 
Sand and 
mud banks 20 9 
9 / / / / / / 
Swamp 
forest 25 10 
10 
25 10 
10 
25 10 
10 
Reeds and 
sedges 45 4 
4 
45 4 
4 
45 4 
4 
Mangroves 
0 1 
0 
0 1 
0 
0 1 
0 
Natural 
floodplain 34 15 
15 
34 15 
15 
/ / 
/ 
Cultivated 
floodplain 0 19 
0 
0 19 
0 
0 19 
0 
Disturbed 
floodplain 0 47 
0 
0 47 
0 
0 47 
0 
Alien 
vegetation 0 5 
0 
0 5 
0 
0 5 
0 
Total 
174 174 
88 
104 101 
29 
70 86 
14 
% similarity 
sum of minimum/(sum of natural and 
present/2) x 100 
51 
 
28 
 
18 
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Table 5.24: Macrophyte community composition scores for Mvoti Estuary using different 
calculation methods. 
Approach 
% similarity 
Using area 
All macrophyte habitat 22 
Excluding physical habitat 17 
Excluding physical habitat and 
natural floodplain 
27 
 
5.7 Updating the Estuarine Botanical Database 
5.7.1 Macrophyte habitats and species composition 
There were differences in the areas mapped in 2013/2014 for the estuaries assessed in the 
field compared to the areas recorded in the NBA (Table 5.25). The total area covered by 
macrophyte habitats at the Kandandhlovu, Mkomazi, Umgababa and Mvoti estuaries were 
substantially greater than that of the NBA. Whereas, the total area of Kaba and Bilanhlolo 
estuaries were half the areas provided by the NBA. Aside from the important macrophyte 
habitats that were not identified during the field assessments, the swamp forest habitat 
mapped for some estuaries was not recorded in the NBA. The area of estuary channel mapped 
for the Mtamvuna Estuary was nearly double the area provided by the NBA. However, the 
smaller area covered by sand/mud banks accounts for this difference. Reed and sedge cover 
at the Mvoti Estuary showed the most marked difference between the mapped area and the 
NBA values, 87 ha opposed to 1 ha. Differences in the area covered by reeds and sedges 
was evident for multiple estuaries, with smaller areas mapped. 
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Table 5.25: Area (ha) covered by macrophyte habitats mapped from the field assessments compared to the areas recorded in the 2011 National 
Biodiversity Assessment. 
Estuary 
Channel Sand 
Reeds and 
sedges 
Swamp 
forest 
Mangroves 
Estuarine 
Area 
C
o
a
s
ta
l 
fo
re
s
t 
D
is
tu
rb
e
d
 
v
e
g
e
ta
ti
o
n
 
D
e
v
e
lo
p
m
e
n
t 
Total area 
2014 NBA 2014 NBA 2014 NBA 2014 NBA 2014 NBA 2014 NBA 2014 2014 2014 2014 NBA 
Mtamvuna 76.9 45.7 11.6 2.4 7.1 15.2 0.1 0 0.3 0.3 96 63.6 15.3  8.6 120 63.6 
Kandandhlovu 1.1 1.8 0.3 1 3.9 2 5.2 0  0.5 10.5 5.3   0.4 10.9 5.3 
Mpenjati 12.2 11.6 6.1 4.5 4.3 17 6 0  0 28.6 33.1  2.4 1.3 32.3 33.1 
Kaba 2.6 2.4 0.3 3 1.1 9 1.1 0  0 5.1 14.7   0.8 5.9 14.7 
Bilanhlolo 2.6 2.6 0.3 3.5 0.6 8 1.1 2  0.5 4.6 16.6   0.8 5.4 16.6 
Fafa 19.5 30 0.7 7 6.1 8 6.6 4.5  0 32.9 51  10.1 3.8 46.7 51 
Mkomazi 64 62.8 9 4.9 4 5 10 0 1 2 88 74.7 15 71 0 174 74.7 
Umgababa 19.4 17.8 0.7 12 39 15 2.6 0  0 61.7 47.3 3.9 3.4 6.2 75.1 47.3 
Little Amanzimtoti 1.7 1.5 1.3 1.5 0.1 2 6.5 5  0 9.6 10 9.2 2.5 0.8 22.1 10 
Mvoti 16 18.4 6 3 87 1 2 0  0 111 22.4 58 123 0 285 22.4 
107 
 
5.7.2 Revising the Estuarine Functional Zone 
Analysis of aerial photographs indicated that reeds, sedges or open water habitat existed 
outside the EFZ for 12.5 % of the estuaries within WMA 11 (Table 5.26). It was evident from 
field assessments that macrophyte habitats occurred outside of the EFZ at the Mtamvuna and 
Fafa estuaries. Mangrove habitat occurs above the 5 m contour at Mtamvuna Estuary. 
Barringtonia racemosa swamp forest present on the north bank in the middle reaches at Fafa 
Estuary also occurred outside the boundary of the EFZ. Revised boundaries for these 
estuaries are indicated in Figure 5.16Figure 5.17 with 1 and 8 ha added to the Mtamvuna and 
Fafa estuaries, respectively. The adjusted boundary is based on the aerial photographs. 
Accuracy would have been improved through mapping the extent of these habitats in the field.  
Table 5.26: Estuaries of the Mvoti-Mzimkulu Water Management Area that have estuarine area 
occurring outside the Estuarine Functional Zone (5 m contour). 
Estuary Exclusion of estuarine area from the Estuarine Functional Zone 
Zolwane Channel and sand flats excluded on the south bank in the middle reaches.  
Tongazi Channel on the south bank excluded. 
Kaba Reeds and sedges on the north bank in the lower/middle reaches excluded. 
Bilanhlolo Reeds and sedges excluded on south bank in the lower reaches. 
Kongweni 
Potential swamp forest/ reeds and sedges excluded on the north bank in the 
middle reaches.  
Zotsha 
Potential reeds and sedges habitat excluded north of the bridge closest to the 
mouth.  
Mzumbe Small section of the open water excluded from the lower/middle reaches.  
Mhlungwa Area of reeds and sedges on the north bank not included. 
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Figure 5.16: Revision of the Estuarine Functional Zone of the Mtamvuna Estuary. The red line 
indicates the 5 m contour and the green line indicates inclusion of macrophyte habitat. 
 
Figure 5.17: Revision of the Estuarine Functional Zone of the Fafa Estuary. The red line indicates 
the 5 m contour and the green line indicates inclusion of macrophyte habitat. 
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Although estuarine habitat was not excluded at the Mkomazi and Mvoti estuaries, the EFZ 
includes area that was unlikely to have supported unique macrophyte habitats under natural 
conditions. For instance, the section represented in Figure 5.18 is the north bank near the 
mouth of Mkomazi Estuary. This was mapped as development and sugarcane cultivation, no 
literature suggest that this would have been covered by reeds, sedges or swamp forest.  
 
Figure 5.18: Misalignment of the Estuarine Functional Zone, represented by the red line, on the 
north bank at the mouth of the Mkomazi Estuary. 
6 DISCUSSION 
6.1 Present macrophyte health 
Historically described macrophyte habitats were not evident for 41 % of the estuaries that were 
assessed in the field. This represents a significant loss of sensitive macrophyte habitat. 
Although restricted in KZN estuaries, no submerged macrophytes were evident in the 
estuaries assessed in the field. Areas covered by the macrophyte habitats have also declined 
over time. For example, half of the mangrove habitat described by Ward and Steinke (1982) 
and Rajkaran et al. (2009) has been lost from Mkomazi Estuary. Estuaries with poor 
macrophyte health were mostly located around urban areas which illustrated the effect of 
surrounding land-use pressures on ecological heath and functioning (van Niekerk & Turpie, 
2012).  
Macrophyte habitat degradation was mainly attributed to development and sugarcane 
cultivation within the EFZ. Sugarcane cultivation was evident for 25 % of estuaries situated 
within WMA 11. All of these estuaries were degraded with none scoring above a ‘C’ and four 
in a highly degraded ‘E’ Ecological Category. Development, aside from the N2 road bridges, 
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was present within the EFZ of 41 % of the estuaries for which there were field assessments. 
Nutrient enrichment and eutrophic conditions were described for 12.5 % of the estuaries within 
WMA 11. Reed encroachment was evident in 27 % of the estuaries for which there were field 
assessments. The presence of aquatic invasives such as water hyacinth (E. crassipes) and 
water lettuce (P. stratiotes) also indicates high nutrient levels (Steffen et al., 2014). 
It was previously thought that mangrove habitat had been completely lost from the Ngane 
Estuary (Rajkaran et al., 2009). In 2013 a small stand of B. gymnorrhiza trees of approximately 
the same height was present in the estuary. This stand, although not of a mappable size, 
represents a time when conditions were favourable for recruitment into the estuary. Although 
freshwater mangrove (B. racemosa) was not identified at Mhlali Estuary during the rapid field 
assessment, it was described in a recent EIA report for the Tinley Manor Southbank Coastal 
Development (Bassa, 2011). Since the population was fragmented in the 1980s it may now 
consist of only a few trees. This illustrates the low confidence of the rapid field assessments 
that surveyed the estuaries from static positions. There is a need to ground truth the estuaries 
to determine the distribution along the water channel by accessing the riparian zone by boat. 
6.2 Description of KZN floodplain vegetation 
Species composition, compiled during the field assessments, resembled the vegetation types 
described by Mucina and Rutherford (2006) for KZN. . Northern and Southern Coastal Forest, 
Subtropical Dune Thicket and Subtropical seashore vegetation were evident within the EFZ of 
estuaries assessed at an intermediate level. KZN coastal forest has been poorly protected 
relative to its original extent (Von Maltitz et al., 2003), and thus the presence of this vegetation 
type within the EFZ of WMA 11 estuaries may provide some level of protection. Coastal forest 
vegetation, however, may restrain the landward expansion of macrophyte habitats which is of 
concern (Snow & Veldkornet, 2012). Differentiating between the forest types present along 
the KZN coastline is difficult as the vegetation have a similar structure and species 
composition. Identification is particularly difficult when using aerial photographs. Thus using 
the transition from estuarine to terrestrial vegetation to improve the accuracy of the boundary 
of the EFZ may not be particularly easy to apply in the subtropical estuaries. 
In general, the species identified during the field assessments have an affinity for wet, 
waterlogged conditions. This knowledge is important as these species may have the potential 
to displace macrophyte habitats. For example the presence of hygrophilous grasses, such as 
E. pyramidalis, on the banks of Mvoti Estuary has removed the reeds and sedges that would 
have naturally fringed the water channel. The fodder grass, E. pyramidalis was present at the 
Damba, Mkomazi and Mvoti estuaries, where it was likely planted to stabilise the banks (Begg, 
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1978). The semi-aquatic species is especially prominent in poorly drained soils in KZN where 
is associated with the ‘backswamp’ communities adjacent to rivers (Landsdown, 2013). It 
spreads via floating culms across the water which explains the extent of hygrophilous grasses 
at the Mvoti Estuary, and is a potential cause for concern in that it may spread to more 
estuaries. The presence of fodder species may also further encourage grazing in floodplains.  
A number of other hygrophilous species such as C. scabrida and P. decipiens were recorded 
in the disturbed areas and undergrowth of the estuaries. These species would not have been 
present under natural conditions, but may have been introduced through disturbance. 
Commelina diffusa, for example, is often found in damp shady places near water, in open 
swamps and marshes and even floating in mats (Cook, 2004). Kumar (2013) stated that C. 
diffusa is usually found near sea level. Centella asiatica is also another floating emergent or 
terrestrial species found in grasslands along riversides (Gupta, 2013). Cook (2004) stated that 
E. ambigua, a small glabrous aquatic to semi-aquatic plant found at Bilanhlolo Estuary, prefers 
eutrophic conditions and is frequent in rice fields. The presence of this species at Bilanhlolo 
Estuary further serves to indicate its poor health.  
6.3 Changes in physico-chemical variables over time 
The physico-chemical characteristics of estuaries are affected by flow modification and 
pollution/ nutrient enrichment from WWTW, industrial discharges and cultivation. WMA 11 
estuaries are strongly influenced by river inflow, even during closed conditions as evident from 
the low salinity. The physico-chemical characteristics of the estuaries for which there were 
intermediate field assessments mostly resembled values described in previous studies (Begg, 
1978; 1984; Harrison et al., 2000). However, these estuaries were impacted decades before 
Begg’s (1978; 1984a; 1984b) surveys and thus may have been different under natural 
conditions. 
Variations in salinity and depth were apparent, but are likely due to seasonality and mouth 
state at the time of sampling rather than hydrodynamic change in the estuary. For instance, 
Begg (1984) described Mpenjati as mesohaline (5-18), however in 2014 the mean salinity was 
31.1 ± 0.4. The salinity recorded at Little Amanzimtoti Estuary in 2014 was also greater than 
that stated by Begg (1978). Kandandhlovu and Kaba estuaries were shallower in 2014 than 
Begg measured (Begg, 1984). The low DO readings recorded at Kandandhlovu Estuary were 
consistent with Begg’s (1984) descriptions. The 2014 DO readings at Mtamvuna Estuary were 
lower than that recorded by Begg (1978), 5.2-6.9 mg/l compared to 7.8-8.8 mg/l. 
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Similar physico-chemical characteristics were reported by Snow and Veldkornet (2012) in an 
assessment of the water quality and botanical assessments of the south coast Nkomba, 
Mzimayi and Rock Bay estuaries for an EIA study for the proposed Rorqual Estate at Park 
Rynie. All three were fresh although salinity increased towards the mouth of Rocky Bay 
Estuary and the bottom water had a salinity of 6 suggesting that overtopping events occurred. 
Typical of shallow, closed estuaries DO increased from the upper reaches of the estuary to 
the mouth. pH ranges for the estuaries fell within the usual range for estuaries of 7-8.5. 
RDM studies have been completed for the Mkomazi, Mhlali and Mvoti estuaries (DWA, 2014a; 
DWA, 2014b; DWA, 2014c). Under natural conditions the Mhlali and Mvoti estuaries DO was 
lower (5-6 mg/l). Turbidity has also increased in these estuaries. The Mvoti Estuary receives 
60 % of its natural MAR and thus low flow is much less than that for natural conditions. The 
Mkomazi and Mhlali estuaries have experienced a reduction in MAR by 12 and 8 %, 
respectively. Reed expansion at the Mkomazi Estuary was attributed to the more stable 
environment created due to reduced flooding events. Salinity gradients were evident at the 
Mkomazi and Mhlali estuaries. Salinity has increased at Mkomazi Estuary over time making 
the estuary suitable for establishment for mangrove habitat. Mvoti Estuary was fresh under 
natural and present conditions.  
6.4 Mangrove population structure 
In 2014 mostly adult B. gymnorrhiza mangroves were present at the Mtamvuna Estuary. 
Previous studies suggested, however, that all size classes were present at the estuary. Adams 
et al. (2004) stated that only 5 % of the B. gymnorrhiza trees measured were adults and that 
there was an adult to seedling ratio of 3:1. Rajkaran (2011) reported the presence of seedling, 
juvenile and adult B. gymnorrhiza trees in the 2006 survey of Mtamvuna Estuary. The high 
adult to seedling ratio suggests that mangroves at Mtamvuna Estuary may be in state of 
decline (Dahdouh-Guebas & Koedam, 2002). However, the same area was recorded in 2014 
as was mapped in 2006, although mapping may be inaccurate due to the steepness of the 
banks. The whole stand was not sampled and thus more seedlings may be present than what 
was noted. The lack of seedlings and juveniles of B. gymnorrhiza at Mtamvuna Estuary may 
be as a result of fewer propagules entering into the estuary or overcrowding. Adams et al. 
(2004) commented that the mangrove population at Mtamvuna Estuary was restricted from 
the channel by P. australis and H. tilicaeus. 
The distribution of B. gymnorrhiza individuals at Mkomazi Estuary in relation to height 
produced an inverse J-shaped curve, as described by Rajkaran (2011). This implies that the 
forest is regenerating. It is also possible that mapping errors may account for the smaller area 
113 
 
of mangroves mapped at Mkomazi Estuary in 2013. Steinke (1999) stated that the flowering 
season of B. gymnorrhiza was February to May with fruit dropped from December to May. 
Considering that the 2014 sampling was conducted mid-May it is interesting that the proportion 
of flowering and fruiting trees was lower at Mkomazi Estuary compared to Rajkaran’s (2011) 
previous studies. Rajkaran (2001) stated that the lateral growth of H. tiliaceus limited the 
amount of light reaching the B. gymnorrhiza seedlings at Mkomazi Estuary thus reducing the 
growth of the trees Blasco et al. (1996) stated that the mangroves B. gymnorrhiza and R. 
mucronata were susceptible to hydrological, salinity, soil and tidal regime changes. Flow 
modification at the Mkomazi Estuary has decreased base flow thus increasing the period of 
time the estuary remains closed. Increased closed mouth conditions increase water levels 
resulting in inundation of low lying habitats. Prolonged periods of inundation flood the 
mangrove root structures eventually killing the mangroves. Closed mouth conditions also 
prevent new propagules entering the estuary to establish new populations (Rajkaran, 2011).  
6.5 Main pressures affecting the macrophytes of the MWA 11 
Harvesting of B. gymnorrhiza trees was evident on the north bank of Mkomazi Estuary. This 
is particularly problematic in small populations such as those in the Mtamvuna and Mkomazi 
estuaries as regeneration following disturbance is limited (Rajkaran, 2011). Mangrove trees 
are protected and thus harvesting is illegal without a permit according to Section 7 of the 
National Forest Act. Traynor and Hill (2008) in a study of the mangroves at Mngazana Estuary 
found that trees were harvested for the construction of houses, fencing and firewood. Adams 
et al. (2004) reported that harvesting has removed over 50 % of mangrove trees at some 
South African estuaries lacking conservation protection.  
Medicinal trade has resulted in many trees being heavily stripped for bark. Although not 
evident during field assessments, bark stripping is a concern as many KZN estuaries are 
located in rural areas. Williams (2003) in an investigation of medicinal healers situated in 
Johannesburg found the stems and roots of some of the dominant swamp and coastal forest 
species for sale. Species collected for medicinal purposes included B. racemosa, B. discolor, 
M. capensis, M. caffra and S. chirindensis. The bark of C. gummiflua, E. lysistemon,  
E. natalensis and I. mitis was also available. According to Raimondo et al. (2009) bark 
stripping has led to notable declines in the populations of I. mitis in the Eastern Cape, however 
the rest of its South African population has experienced little change.  
Sand mining activities were evident in the upper reaches of the Mhlabatshane, Mpenjati and 
Mkomazi estuaries. Demetriades (2007) identified sand mining operations at 18 of the larger 
KZN estuaries. Sand mining alters flow patterns as a result of river bed modification, creates 
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even more excess sediment and damages riparian vegetation and instream habitat. 
Disturbance of habitat through trampling, fuel spillage and discarding of broken equipment are 
also consequences of sand mining. Snow and Veldkornet (2012) stated that there was a 
concern that estuarine sediments may build up between emergent macrophytes thereby 
accelerating succession towards coastal forest. 
Mucina and Geldenhuys (2006) and Henderson (2007) considered C. odorata, L. camara 
wattle (Acacia spp.), C. laevigatum, M. azedarach, Pereskia spp., Psidium guajava, Rivina 
humilis and S. mauritianum to be problematic in forest habitats. These species have been 
recorded to occur in a wide range of habitats including river banks, water courses, creek banks 
and gullies (Biosecurity Queensland, 2012). All were present in the studied estuaries aside 
from the climber Pereskia spp. and the herb R. humilis. Of the 20 most invasive species in 
KZN, 11 were present in the field assessed estuaries (Invasive Species South Africa, 2012). 
Brazilian pepper tree (S. terebinthifolius) was the most abundant invasive species, prevalent 
in all estuaries studied. Schinus terebinthifolius can survive in the harsh environmental 
conditions of mangrove habitats (i.e. high salinity, tidal fluctuations, anaerobic substrates and 
the accumulation of sulfides and heavy metals) (Ewe & Sternberg, 2004; Donelly et al., 2008). 
Spector and Putz (2006) determined that the biomechanical plasticity of S. terebinthifolius 
enables the species to adapt its growth form to suit habitat conditions.  
Donelly et al. (2008) determined that S. terebinthifolius fruits had inhibitory effects on 
mangrove seedlings and stressed that mechanical control with complete removal of  
S. terebinthifolius trees was needed to prevent accumulation of inhibitory compounds in the 
soil. Not only do invasive species smother or produce allelopathic chemicals (L. camara and 
S. terebinthifolius) that displace indigenous vegetation, but many are poisonous  
(R. communis) or water greedy (Eucalyptus spp. and M. azedarach), which is of concern in a 
semi-arid country (Invasive Species South Africa; 2012). Some species disperse seed via 
water enabling the invaders to occupy areas far from the parent part. This is problematic for 
the control of invasives in protected areas. The effective control of invasive species is therefore 
crucial for the conservation of remaining natural macrophyte habitats. 
6.6 Prioritising estuaries for biodiversity planning 
The National Estuary Biodiversity Plan (Turpie et al., 2012b) set biodiversity targets to 
conserve the country’s biodiversity as 20 % of each macrophyte habitat. When excluding the 
habitat protected by St Lucia Estuary only 18 % and 4 % of mangrove and swamp forest, 
respectively, is presently nationally protected (Turpie et al. 2012b). Although dominant 
mangrove and swamp forest trees are protected under the National Forests Act, the 
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associated estuarine habitat is often not part of a protected area (Traynor & Hill, 2008). Thus, 
instead of applying biodiversity targets, all estuaries supporting > 5 ha of either habitat were 
automatically prioritised for protection. Of the 25 estuaries considered to be important from a 
botanical perspective, 14 supported areas of swamp and mangrove forest greater than 5 ha.  
In order to meet the country’s biodiversity targets 133 estuaries have been prioritised to 
receive some level of formal protection (Turpie et al., 2012b). WMA 11 supports six estuaries 
requiring full protection and 15 requiring partial protection. Of the six estuaries requiring full 
protection, five were considered to be important from a botanical perspective, namely: the 
Mtamvuna, Umgababa, Msimbazi, Mhlanga and Mdlotane. Apart from the Mdlotane Estuary, 
which has a large cover of swamp forest, these estuaries have all been reported to support 
mangrove habitat. The Mvoti Estuary was the only WMA 11 estuary requiring full protection 
that was not considered important from a botanical perspective. Freshwater mangrove (B. 
racemosa) was, however, present at the estuary and thus is potentially more botanically 
important than assumed. The estuary is also of zonal importance and is a well-known birding 
site (Barne, 1998; Swemmer, 2011). Of the estuaries requiring partial protection 11 were 
considered important from a botanical perspective, namely: the Mpenjati, Mzimkulu, Damba, 
Intshambili, Mhlabatshane, Mkomazi, Lovu, Durban Bay, Mgeni, Mhlali and Zinkwasi. The 
importance ranking developed in this study was similar to the National Estuary Importance 
Scores (Turpie & Clark, 2007; Turpie et al., 2012b). Of the top 20 nationally important 
estuaries, 15 were of importance from a botanical perspective. 
At present only five estuaries from WMA 11 are afforded formal protection with only the 
Mhlanga and Mlalazi estuaries fully protected (Turpie et al., 2012b). The Mtamvuna and 
Mpenjati estuaries are the only KZN south coast estuaries to be under protection as part of 
Marine Protected Areas. Protection of South African estuaries is disproportionate with larger, 
open estuaries favoured to smaller, closed systems and not all habitat types are being 
sufficiently conserved (Turpie et al., 2012b). Previous conservation plans focussed on 
conserving large estuaries as large populations could be protected. The value of conserving 
smaller estuaries has since been realised as they have high variability and genetic diversity 
and improve connectivity between systems. Protecting only sections of estuaries has also 
been promoted so as to enable more estuaries to receive protection status. The 2004 KZN 
State of the Environment report (DEAE & RD, 2010) stated that the omission of statutory 
protection for south coast estuaries needs to be addressed. Since these estuaries are mostly 
healthier than the larger KZN estuaries protection would be a less costly process and would 
help in meeting the biodiversity targets of 20 % of each macrophyte habitat (Turpie et al., 
2012b).  
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The National Estuary Biodiversity Plan (Turpie et al., 2012b) prioritised healthier estuaries in 
the selection of estuaries to meet biodiversity targets. Socio-economic pressures and values 
must also be considered when declaring protected areas and thus healthier estuaries are 
favoured due to lower rehabilitation and opportunity cost of protection. The least disturbed 
portions of estuaries should also be emphasised for protection. From this study areas of 
priority protection could be selected according to the disturbance rating. For example, the 
lower reaches of Mtamvuna Estuary, where the mangroves are situated should be targeted. 
The extensive reedbeds in the lower reaches of Mpenjati Estuary should also be conserved. 
The zonation map from the EMP for Mpenjati Estuary confirms the selection of the lower 
reaches for conservation (EKZNW, 2012). The lower and middle reaches of the north bank 
were classified as sanctuary zones where the exploitation of all living resources is prohibited 
and only scientific research with permits may be allowed to access these zones. The park 
area on the north and south banks were described as a restricted zone where certain 
recreational activities were permissible. The upper reaches of Mpenjati Estuary are controlled 
zones where every effort must be made to mitigate for the anthropogenic impacts occurring in 
the area.  
6.7 Comparison of Assessment methods 
The desktop assessment provided macrophyte health scores comparable to the NBA, with 
only two estuaries shifting more than one category. Field assessments, for the most part (73 
%), confirmed the macrophyte health conditions determined by the desktop assessment. The 
desktop assessment generally produced lower scores than the field assessments. Macrophyte 
health of only nine of the 22 estuaries sampled was lower in the field assessments than the 
desktop assessment with differences varying from 14-76 %. The greatest deviations in scores 
were for degraded systems, namely Mkomazi and Mvoti estuaries. Lower macrophyte health 
scores in the field assessments were attributed to disturbance and displacement by invasive 
species. 
The accuracy of the desktop assessment was hampered by the spatial extent of the studied 
estuaries. The resolution of aerial photographs prevented determination of finer scale 
features. In the desktop assessment only large scale changes and activities, such as 
development, sand mining and sugarcane cultivation, were evident from the aerial 
photographs. Flow modification (i.e. abstraction) and nutrient enrichment (i.e. WWTW inputs), 
which can have a large impact on macrophyte health, cannot necessarily be detected through 
analysis of aerial photographs. The extent of invasive plant species cannot be determined 
from aerial photographs. The lack of applicable literature and baseline data for the estuaries 
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and the resolution of aerial photographs limited the understanding of changes in macrophyte 
abundance and distribution, which are used as indicators of macrophyte health. Thus the 
desktop assessment method essentially scored aesthetics rather than macrophyte health. 
This method did not consult historic aerial photographs to assess changes in macrophyte 
habitat over time. It only considered a snapshot into the health and functioning of an estuary. 
The desktop assessment therefore has a low confidence with confidence improving with data 
availability.  
Finer scale assessment through field assessments resulted in a general decline in the 
macrophyte health conditions of the sampled estuaries compared to the desktop or NBA 
scores. The macrophyte health score for the Little Amanzimtoti Estuary was lower than 
reported in the RDM study (40 as opposed to 60) (DWA, 2011). Field assessments, at any 
intensity, enhanced the understanding used for the scoring of macrophyte health. Recording 
species composition and differentiating between similar vegetation types (i.e. swamp, 
mangrove and coastal forest) as well as identifying any other unclear area from aerial 
photographs was possible. The attributes of the biotic components described by the Estuarine 
Health Index could be determined through field assessments. Comparison of historical aerial 
photographs also provided an indication of the changes that have occurred in the estuaries 
since natural condition.  
The desktop assessment method provided an efficient means of comparing estuary health 
between systems and can be effectively used for selecting estuaries that should be better 
managed or monitored. The desktop assessment method would be better applied to estuaries 
for which more data are available. The pressures assessed would be altered to reflect the 
situation of the WMA under study. For the effort required to rapidly visit estuaries adequate 
sampling should rather be conducted. Thus a combination of the intermediate and 
comprehensive field assessments would be the most appropriate macrophyte health 
assessment method, providing the greatest confidence scores.  
6.8 Recommended future approaches for measuring macrophyte health 
This study emphasised the need to verify biotic components in the field, which is necessary 
for the determination of estuary health according to the RDM method. Based on the results of 
the study it is suggested that all zones (lower, middle and upper) of the estuary are assessed 
during field assessments. Species composition and distribution of macrophyte habitats must 
be recorded during field assessments. The degree of disturbance and extent of invasion must 
also be noted. For efficiency disturbance could be assigned using a specific rating system.  
The extent of invasion would include the exotic plant species recorded in the species list as 
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well as an assessment of percentage abundance in the different zones of the estuary. These 
data are helpful in the design of conservation zones identified in Estuary Management Plans.  
For more detailed studies replicate quadrats of an applicable size, determined by the  
Braun-Blanquet method, can be placed in the lower, middle and upper reaches of the estuary. 
The co-ordinates of these quadrats should be recorded and revisited the following season as 
described for the comprehensive assessment method. This would ensure that all species and 
seasonal variations in abundance would be accounted for. Belt transects are not necessary 
as unlike salt marsh no distinct zonation patterns are evident with environmental gradients. 
Although there was a trend in the distribution of vegetation along a gradient from the water 
channel, further studies are required to correlate vegetation distribution with elevation and 
other physico-chemical variables including soil characteristics. Future research should be 
undertaken to determine the relationship between swamp forest and physico-chemical 
variables.  
In accordance with the RDM method species composition is compared to historic data when 
available or to similar estuaries preferably in a healthier state as suggested by Forbes and 
Demetriades (2009). For example, Forbes and Demetriades (2009) stated that the Msimbazi 
and Umgababa estuaries could be compared to the Mbokodweni, Sipingo and Mgeni 
estuaries. The present distribution of macrophyte habitats should first be mapped using the 
most recent available aerial photographs and then verified in the field, preferably using ArcPad 
to map the habitats in the field. It is also important to confirm the boundaries of the estuaries 
in the field. Coastal forest cannot be used as the boundary as it was often present within the 
EFZ. Geotagging photographs for incorporation into Google Earth could assist in boundary 
determination. Inaccessibility is a major hindrance to conducting field assessments in the KZN 
estuaries. Most of the estuaries are shallow and thus cannot be accessed by boat. 
Development surrounding the water channel also prevents access.  
The distribution of macrophyte habitats should also be mapped from the earliest aerial 
photographs available so as to determine changes over time. Historical descriptions further 
aid to an understanding of an estuary’s natural state. Macrophyte health is determined using 
the three biotic component attributes as outlined by the Estuarine Health Index. Physical 
habitats and disturbed habitats should not be included in the calculation of changes in 
macrophyte abundance over time as determined in this study. All estuarine habitats can be 
incorporated into the calculating of community composition using the Czekanowski’s similarity 
index. As per the precautionary approach the minimum value obtained for the attributes is the 
overall macrophyte health score.  
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The 2004 KZN State of the Environment report (DEAE & RD, 2010) remarked that health 
assessments do not achieve much unless estuaries are properly managed and Forbes and 
Demetriades (2009) commented that prevention is the most effective approach to 
maintenance of estuarine function. van Niekerk et al. (2012b) stated that KZN was particularly 
vulnerable to the expected impacts of climate change. Structural and functional changes are 
expected for the estuaries of KZN and the Western Cape. Localised extinctions will occur as 
generalist species will thrive over specialist species. The Durban Climate Change Strategy 
(Govender, 2013a) remarked that improved scientific robustness is necessary in light of 
climate change. In this study a third of WMA 11 estuaries were studied through field based 
assessments, however only 10 estuaries were studied in detail. The data obtained from this 
field work updated the macrophyte health scores for these estuaries, estuarine area and the 
species composition that will be included in the next NBA as well as the appropriate Estuary 
Management Plans. There is a need to conduct field surveys for the remaining WMA 11 
estuaries, especially the small south coast TOCEs, in order to gain an understanding of the 
biodiversity they support. Some of these estuaries are healthy and support productive 
macrophyte communities and thus should be protected.  
It was already known that KZN estuaries were mostly degraded due to development and 
cultivation. The presence of mangroves at Ngane Estuary and the struggling mangroves at 
Umgababa Estuary illustrate the resilient nature of estuaries. The results suggest that future 
opportunistic mangrove populations may occur in the estuaries of KZN. However, increased 
flow modification and other anthropogenic impacts may alter estuaries to the extent that 
suitable habitat will no longer exist. The need for active management, further research and 
monitoring is thus necessary to ensure the persistence of South Africa’s macrophyte habitats 
and different estuary types. The RDM method aims to ensure that estuaries either improve or 
remain in their Ecological Category. This requires regular monitoring, usually every 3 to 5 
years, based on eco-specifications and thresholds of potential concern set for the biotic and 
abiotic components determined during the EWR study. Maintaining the distribution of 
macrophyte habitats and the integrity of the riparian zone through prevention of invasive 
species is a general management specification. 
In conclusion this study illustrated the need for consistent methodology as small variations in 
a method, easily applied due to unclear instruction or application by different users, results in 
greatly different scores. Accurate scoring is essential for consistently determining the EWR of 
South Africa’s estuaries. This is necessary to ensure that water is allocated to the estuaries 
most in need. The current Version 3 EHI method of determining macrophyte health does not 
specify which macrophyte habitats should be included in the calculation of abundance and 
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community composition. Some habitat within the EFZ is not estuarine and thus the area skews 
abundance and community composition calculations. Although more replicates were needed 
to improve the confidence of one particular method, it was determined based on the scores 
produced that calculating abundance should include only macrophyte habitats and not 
physical habitats or disturbance floodplain. However, community composition should include 
all habitats within the EFZ to illustrate how the area has changed over time.  
This study updated the macrophyte health scores for the estuaries of WMA 11 and determined 
an appropriate macrophyte health assessment using the method provided by the RDM. It 
highlighted discrepancies in the EFZ and initiated a method of determining estuary boundaries 
using vegetation distribution along the gradient from the water channel. Although successfully 
implemented in Cape estuaries, zonation is not as evident in KZN estuaries and would require 
further research. This study emphasises the need to effectively manage estuaries supporting 
sensitive threatened macrophytes habitats (mangroves, submerged macrophytes and swamp 
forest) especially as little habitat is protected along the KZN coastline. The value of vegetation 
maps and designing conservation zones based on the location of disturbance was also 
emphasised.    
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7 APPENDICES 
Table 7.1: Historical descriptions of estuaries of the Mvoti-Mzimkulu Water Management Area 
that were assessed in the field. Descriptions from Begg (1978, 1984) unless otherwise 
referenced. 
E
s
tu
a
ry
 
Historical description of macrophyte habitats and disturbance 
M
ta
m
v
u
n
a
 
Phragmites and Juncus species fringed the intertidal zone and mangroves 
communities (A. marina and B. gymnorrhiza) occurred on both banks upstream of 
the suspension bridge (i.e. R61 road bridge). Scirpus sp. was present in the reeds 
only on the north bank. Thick indigenous forest including S. nicolai, and palms 
covered the sides of the Mtamvuna Gorge with the Mtamvuna Forest Reserve 
located above the estuary. Grass, rocky outcrops and occasional patches of low 
bush and trees occurred on the southern banks, between the camp site and the 
mouth trees (Hemens et al., 1986). 
K
a
n
d
a
n
d
h
lo
v
u
 
Reed swamp (roughly 5 ha) dominated the middle and upper reaches of the estuary. 
The banks of the estuary were overgrown with a mixture of disturbed grassland and 
reeds. Mimusops caffra, occurred near the channel in the lower reaches. The 
creeper Ipomoea brasiliensis was present stabilising the sandbar at the mouth. 
Dune forest existed south of the estuary. 
M
p
e
n
ja
ti
 
The name of the estuary was derived from a reedy type of grass growing in the 
vicinity. Extensive halophytic community of Juncus and Paspalum species occurred 
on the low lying wetland on the northern bank in the lower reaches of the estuary 
(below the sand-extraction/bridge building site). Triglochin bulbosa was noted in this 
community. Invasive Eucalyptus and Pine trees were present on the northern bank 
at the sand extraction site. The Yengele Forest is situated immediately north of the 
estuary. 
K
a
b
a
 
The name of the estuary means “the river where the wild vines grow”, referring to 
the abundance of R. rhomboidea.  Phragmites reed swamp has developed on both 
banks as the estuary has shallowed through infilling. Pristine riparian forest fringed 
the upper reaches, but the coastal forest near the mouth had been disturbed by 
township development. The static water level encouraged growth of submerged 
macrophytes such as S. pectinata. 
B
ila
n
h
lo
lo
 
Reeds and H. tiliaceus, were well developed on the south bank. Coastal forest 
occurred along the water’s edge where the terrain was too rugged for reeds. Aside 
from these areas, no noteworthy communities were described.  
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Historical description of macrophyte habitats and disturbance 
M
h
la
n
g
a
m
k
u
lu
 Mhlangamkulu means the ‘great reedy river’ in Zulu. Rushes, mainly Scirpus 
littoralis and ‘Ncema’ grass, J. kraussii, were abundant in the middles reaches of 
the estuary. Reeds were dominant in the upper reaches and woody vegetation 
occurred in the lower reaches. Hibiscus coastal forest elements were present. 
Submerged macrophytes such as saw weed (Najas marina), the charophyte 
Lamprothamnium papulosum and S. pectinata, occurred around the semi-exposed 
island in the middle of the estuary.  
D
a
m
b
a
 
Damba Estuary was named after ‘Dombe’ a ‘sweet wild cane’ that grew in the 
vicinity of the estuary. Swamp forest comprised of B. racemosa, V. thouarsii and 
Umdoni trees (Syzygium cordatum) fringed the system. Phragmites sp. and H. 
tiliaceus occurred along the open water in the lower reaches. Shallowing of the 
estuary has led to the encroachment of reeds, bulrushes and some grasses. Severe 
algal blooms and mats of filamentous algae have occurred (Cooper et al., 1993). 
In
ts
h
a
m
b
ili
 
Intshambili Estuary is the only real blackwater estuary in Natal. Its catchment and 
river are undisturbed, but bridges crossing the estuary have resulted in it becoming 
highly silted. Historically dense B. racemosa swamp forest occurred on the southern 
channel (Ramm et al., 1986e; Cooper et al., 1993). There was evidence of 
harvesting of the pristine swamp forest and the encroachment of reeds at the 
confluence of the northern and southern tributaries. Infilling for agriculture was also 
evident in the floodplain. 
M
z
u
m
b
e
 The floodplain was sparsely vegetated with Cyperus plants and hygrophilous 
grasses (Ramm et al., 1986f). Presence of V. thouarsii indicative of swamp forest 
previously occurring in the system. Bulrushes were also present in the floodplain. 
The wetland areas on the north bank of Mzumbe Estuary had been drained and 
cultivated in the 1980s. 
M
h
la
b
a
ts
h
a
n
e
 This estuary has been considered important for the area of swamp forest (H. 
tiliaceus, Phoenix palms and Strelitzia sp.) fringing the water channel. At places the 
swamp forest fringe was interspersed with Phragmites spp. The upper reaches of 
the estuary have been degraded by sand extraction and dumping of rubble. 
Grasses, such as Paspalum sp., and invasive species have colonised this area. 
Blooms of Chaetomorpha have been recorded. 
M
h
lu
n
g
w
a
 
Swamp and coastal dune forest dominated Mhlungwa Estuary with B. racemosa 
fringing the upper reaches and H. tiliaceus the lower reaches. Other prevalent forest 
species included Strelitzia, Phoenix palms and aloes. The banks of the upper 
reaches were steep and riverine influence was more noticeable. Sedges were 
present at the water’s edge. S. pectinata and L. papulosum, have been recorded in 
Mhlungwa Estuary, particularly in the lower reaches. 
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Historical description of macrophyte habitats and disturbance 
F
a
fa
 
The Fafa River was named after dense clumps of Ifafa lilies (C. mackenii) that grew 
around the system. Swamp and coastal forest (B. racemosa, H. tiliaceus, palms and 
aloes) occurred in the lower and middle reaches of Fafa Estuary and the steep 
hillsides are also forested. According to Hemens et al. (1986) the swamp forest strip 
was 30-40 m wide. Sugarcane and gum plantations occurred on top of the hillslopes 
surrounding Fafa Estuary. Increased shallowness has resulted in reed expansion, 
particularly surrounding the old railway embankment. The static nature of the 
system encourages the growth of submerged macrophytes including P. pectinatus, 
L. papulosum and curled pondweed (Stuckenia crispus), which is indicative of 
freshwater conditions. Waterlilies have been found in the backwaters of Fafa 
Estuary. 
M
a
h
lo
n
g
w
a
 
‘Mhlanga’ means reeds, which is appropriate as reedbeds occurred interspersed 
with palm trees on the north bank in the middle reaches. A large island of 
Phragmites sp. has occurred to the west of the R102 since the 1937 aerial 
photographs (Forbes & Demetriades, 2009). According to Ramm et al. (1986b) a 
health mangrove community existed on the north bank near the mouth. 
Eutrophication, organic pollution and sugarcane encroachment is problematic in the 
system. A housing estate extends to the water’s edge on the south bank, the lawns 
of which have removed estuarine habitat (Ramm et al., 1986b).  
M
a
h
lo
n
g
w
a
n
a
 
Mahlongwana Estuary is one of the deepest systems in KZN (Forbes & 
Demetriades, 2009). Phragmites reed swamps fringed the open water and on an 
island in the centre of the lagoon. According to Ramm et al. (1986d) the western 
and southern banks were densely fringed with B. racemosa, H. tiliaceus and P. 
reclinata. Extensive beds of N. marina were present around the centre island. The 
N. marina found was referred to as subspecies delilei (Rouy) Maire, which is 
considered to be rare in Southern Africa. Waterlilies (Nymphaea spp.) were 
observed at the head of the lagoon. Herbarium records of Zostera from 1938 where 
found for Mahlongwana Estuary (Hiralal, 2001). The banks at the mouth of 
Mahlongwana Estuary were vegetated with coastal dune forest. 
N
g
a
n
e
 
Ngane Estuary is the smallest of the 16 estuaries within the eThekwini Municipality. 
It has an extensive wetland area mainly vegetated with coastal forest. Coastal forest 
occurs on both banks of the lower reaches of Ngane Estuary with grasses fringing 
the open water. The upper reaches had reeds and sedges growing along the water 
channel. According to Forbes and Demetraides (2009) the banks of Ngane Estuary 
support little riparian vegetation with invaded remnant dune scrub present. Ward 
and Steinke (1982) reported 0.5 ha of the mangrove, B. gymnorrhiza, which has 
since been lost (Rajkaran et al., 2009). 
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Historical description of macrophyte habitats and disturbance 
U
m
g
a
b
a
b
a
 
Umgababa Estuary has a narrow channel that splits and meanders across a wide 
coastal floodplain opening into an expanse of open water at the estuary mouth 
(Forbes & Demetriades, 2009). The north bank was swampy containing isolated 
reed beds of Juncus sp. and Salicornia sp... The banks of the upper lagoon were 
flat and grass covered, mainly S. secundatum. Thickly forested dunes between the 
sea and the estuary have been considered a valuable asset to the area. Beds of Z. 
capensis were described by Day (1950). Ruppia maritima has been described to 
occur in the upper reaches, N. marina in the middle reaches and Alternanthera 
sessilis near the mouth of Umgababa Estuary. Blooms of Chaetomorpha, Stilaphora 
flananganii and L. papulosum have also occurred. A few struggling mangroves 
occurred near the road bridge. Ward and Steinke (1982) reported 0.5 ha of 
mangroves that Rajkaran et al. (2009) stated had been lost from the system. 
M
s
im
b
a
z
i 
Halophilous communities (Juncus, Paspalum and Sporobolus) occurred on the 
southern bank, inlets and backwaters of Msimbazi Estuary with Phragmites sp. 
fringing the upper reaches. J. kraussii was harvested by Zulu woman for use in 
weaving mats (Forbes & Demetriades, 2009). A low lying island vegetated with 
sedges (called Calabash Island) occurs in the middle of the estuary. Salicornia and 
a ‘saw edge grass’ were described by Day (1950). Blooms of Chaetomorpha sp. 
have also been recorded. According to Ward and Steinke (1982) Msimbazi Estuary 
supported 0.5 ha of A. marina and B. gymnorrhiza mangroves. However, 
construction of rail and road bridges, particularly the N2 bridge in 1979, have led to 
the loss of mangroves from Msimbazi Estuary (Rajkaran et al., 2009). Coastal dune 
vegetation such as Scaevola thunbergii covered the dunes either side of the mouth. 
A small area was occupied by Coastal forest. Mimusops caffra trees grew alongside 
the water’s edge on the south bank. Fringes of invasive beefwood trees (Casuarina) 
occurred on the north bank, which was once a golf course (Begg, 1984). According 
to Forbes and Demetriades (2009) construction of bridges across the system (R102, 
railway and N2) have diverted and created blind channels in the estuary. Fires and 
excessing clearing for paths and roads is also problematic within the floodplain. 
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Historical description of macrophyte habitats and disturbance 
L
o
v
u
 
The name Lovu is derived from the Mlovu trees (Cordia caffra) that grew on the 
banks of the system. The steep southern bank supported a strip of coastal forest. 
Small communities of black and white mangroves occurred alongside the channels 
of the system (Ramm, et al., 1986g). Ward and Steinke (1982) reported 2 ha of 
mangroves that according to Rajkaran et al. (2009) have been lost from the system. 
Reduction in flow due to the construction of railway and road bridges as well as a 
causeway built following flood damage in 1959 and the conversion of wetland area 
to sugarcane cultivation (Rajkaran et al., 2009). Other Natal estuaries that have lost 
mangroves were almost always closed, however Lovu Estuary was open for 82 % 
of the time. Large areas of riparian vegetation have been lost due to infilling to 
develop a sports field on the north bank, a rubbish dump north of the rail bridge, as 
well as a car park and picnic area seaward of the railway (Forbes & Demetriades, 
2009). Invasive Brazilian pepper trees, Schinus terebinthifolius, was problematic on 
the northern bank were it was planted to provide shade for a picnic area. Sand 
mining activities occur in the catchment (Forbes & Demetriades, 2009). 
L
it
tl
e
 A
m
a
n
z
im
to
ti
 Phragmites occurred in the lower reaches. Eichhornia crassipes was problematic. 
Nothing of botanical value remains due to urban encroachment. 
M
h
la
li 
The southern bank of Mhlali Estuary supported swamp forest with a few scattered 
clumps of B. racemosa. Beds of Phragmites sp. occurred on the island between the 
two arms of the system. Echinocloa grass was growing above the weir. A mild bloom 
of Chaetomorpha was reported during open mouth conditions in 1981. According to 
Ramm et al. (1986h) sugarcane had been planted on the centre island and cattle 
grazing was encouraged once the cane was harvested.  
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Table 7.2: A summary of available literature pertaining to the health of macrophytes within estuaries of the Mvoti-Mzimkulu Water Management Area. 
The following historical assessments are summarised below: Begg (1978) condition (G=Good, F=Fair, D=Degraded, HD= Highly disturbed); Forbes 
& Demetriades (2009) pressures (H=High, M=Medium, L=Low); and Harrison (2000) aesthetic score (G=Good, M=Moderate, P=Poor). Ecological 
Category from the National Biodiversity Assessment (van Niekerk & Turpie, 2012).  
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p
h
ic
a
ti
o
n
 
In
v
a
s
iv
e
 
L
o
s
s
 o
f 
m
a
n
g
ro
v
e
s
 
S
e
d
im
e
n
ta
ti
o
n
 &
 
re
e
d
 e
x
p
a
n
s
io
n
 
M
a
c
ro
p
h
y
te
 h
e
a
lt
h
 
s
c
o
re
 
Comments 
Mtamvuna G  M  B 10  5 5  B 
Low density development in lower reaches, Lantana and 
Casuarina invasions in campsite on northern bank (Cooper et 
al,. 1993). 
Zolwane G    B 15  5   B 
Conservation potential (Begg, 1978) few Casuarina trees 
present (Cooper et al. 1993). Present: some impact from an 
upstream bridge, little estuarine habitat. 
Sandlundlu F  G  C 25  5   C 
 Entire floodplain utilised: campsite, small bridge across the 
upper reaches and exotic plant species present (Cooper et 
al.,1993). 
Ku-Boboyi D    B 10 5 5   B 
No longer serves estuarine function (Begg, 1968). Near 
pristine, although campsite has L. camara and grassing of 
shoreline evident (Cooper et al,. 1993). Present: possible run-
off and pollution from surrounding development. 
Tongazi   G  B 25 5    C 
Pristine condition (Cooper et al.,1993). Present: potential 
macroalgal blooms due to storm water and sewage input. 
Disturbance visible upstream.  
Kandandhlovu F  G  B 30     C 
Undeveloped reeds in lower reaches and riverine forest in 
upper reaches, residential development in surrounds (Cooper 
et al.,1993). Present: upstream transformation- sedimentation 
and expansion of reeds. Estuary is potentially fresher now.  
Mpenjati   M  B 25 5    C 
45 % of floodplain used for recreational activities, 10 % sand 
mining, 2 bridges, moderate to dense residential development, 
L. camara and C. odorata present (Cooper et al.,1993). 
Present: wastewater and stormwater inputs could increase 
macroalgal blooms and lead to expansion of reeds and sedge. 
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Comments 
Umhlangankulu   M  C 50     D 
Residential and recreational activities within the floodplain 
(Cooper et al.,1993).  
Kaba   G  B 20  10   C 
Begg (1978) recorded reed encroachment due to shallowing. 
Near natural, fairly dense residential development, some 
exotic vegetation, some reinforcement of the banks (Cooper et 
al.,1993).  
Mbizana D  G  B 20  10   C 
Almost entirely natural, abundant residential developments, 
low bridge, exotic vegetation (Cooper et al.,1993). Present: 
bridge would have influenced estuarine habitat, for instance, 
reed encroachment as a result of sedimentation and 
shallowing.  
Mvutshini   G  B 20 10    C 
Mainly natural, with a bridge and moderate residential 
development (Cooper et al.,1993). Present: no large 
macrophyte habitats, some reeds. Deterioration in water 
quality may result in macroalgal blooms. 
Bilanhlolo   M  C 35 20    D 
Residential development and sewage pipes in the floodplain 
(Cooper et al.,1993). Present: possible loss of intertidal habitat 
and development in floodplain. Possible algal blooms due to 
wastewater input.  
Uvuzana F  M  C 20  10   C 
Mainly natural although there is a bridge, dense residential 
development and pine trees (Cooper et al.,1993). Present: 
possible expansion of reeds and sedges due to sedimentation 
and bridge. 
Kongweni HD  P  C 40 15  5  E 
Dense residential development, 60 % of shoreline unnatural 
(Cooper et al.,1993). Present : possible eutrophication and 
mouth manipulation evident.  
Vungu   G  B 10 5 5   B 
Mostly natural with a waterfall at head of the estuary. Multi-unit 
developments in the area (Cooper et al.,1993). Present: steep 
sided with cliffs and only some reeds present.  
Mhlangeni   M  C 20 10   10 D 
Majorly impacted by freeway bridge and holiday flats on south 
bank. Dense residential development, algal bloom during 
sampling and covered with filamentous algae (Cooper et 
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Comments 
al.,1993). Present: possible expansion of reeds and sedges 
due to eutrophication and reduction in base flow. 
Zotsha   M  C      C 
70 % of floodplain used for residential and recreational 
activities, 30 % shoreline grassed, 3 bridges, invasive 
vegetation and a few houses (Cooper et al.,1993).  
Boboyi F  G  C 20 0  0 10 C 
Near pristine state, 50 % sugarcane cultivation surrounds the 
estuary, 2 bridges but no impacts (Cooper et al.,1993). 
Present: some loss of habitat and disturbance due to bridges. 
Mbango F  P  E 50 10    E 
30 % of floodplain occupied by a garage and 2 low bridges 
(Cooper et al.,1993). Present: disturbance due to bridges, 
development and infilling. Eutrophication due to past sewage 
spills but there has been a recent improvement. 
Mzimkulu D  M  C      B 
No natural floodplain- divided by recreational and industrial 
use, mouth stabilised on one side, south bank impacted by 
railway yards and factories, moderate turbidity and invasive 
aliens present (Cooper et al.,1993).  
Mtentweni D  M  C 50 5   5 D 
Caravan park, 3 bridges, 15 % of natural shoreline replaced 
with solid structure and artificially grassed, moderately dense 
residential developments (Cooper et al.,1993). Present: 
development in floodplain. Base flow reduction and 
surrounding disturbance may have led to some reed 
encroachment.  
Mhlangamkulu F  G  C 45 5  5 5 D 
Near natural, difficult to access, 2 bridges, severe invasion, 
little residential developments. (Begg, 1978). 
Damba   M  C 20    10 C 
Campsite, 2 bridges and holiday houses (Cooper et al.,1993). 
Present: reduction in base flow and potential reed expansion.  
Koshwana   M  C 25    10 C 
Near-natural, moderately turbid system with limited access. 
Railway bridge, old bridge pilings and some holiday houses 
present (Cooper et al,. 1993). Sewage works above lagoon 
(Begg, 1978). Present: reduced base flow may have led to reed 
encroachment. 
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Comments 
Intshambili G  G  B 25    5 C 
Two bridges with embankments, ski-boat launch site and a little 
residential development (Cooper et al.,1993). Present: 
possible reed encroachment due to reduced base flow. 
Agricultural disturbance in the floodplain, including infilling. 
Mzumbe HD    D 50    10 E 
50 % of floodplain under sugarcane and 10 % maize 
cultivation, 2 bridges with embankments (Cooper et al,. 1993). 
Present: disturbance from roads and bridges, agriculture in the 
floodplain and sand mining evident upstream.  
Mhlabatshane F  M  B 30  10   D 
3 bridges, invasive vegetation and a few houses (Cooper et 
al.,1993). Present: disturbance due to development in lower 
reaches. 
Mhlungwa   G  C 50    10 E 
Nearly pristine estuary (Cooper et al,. 1993). Present: lower 
reaches altered, major disturbance in the floodplain due to from 
infilling from N2 road bridge. Sugarcane cultivation in the 
floodplain. 
Mfazazana F  M  C 40    10 D 
Botanically “unimportant” (Begg, 1978). Near natural, 3 low 
bridges, mouth stabilised on both sides (Cooper et al.,1993). 
2013 Google: Some disturbance in the floodplain and 
surrounding areas. 
Kwa-Makosi F  M  B 30     C 
Botanically “unimportant” (Begg, 1978). Undeveloped, 3 low 
bridges, mouth stabilised on both sides (Cooper et al.,1993). 
Present: N2 road bridges upstream has resulted in infilling.  
Mnamfu F  M  C 30     C 
Botanically “unimportant” (Begg, 1978). 4 low bridges, 
stabilised on both sides (Cooper et al,. 1993). Present: loss of 
habitat in the upper reaches. Some decrease in base flow, but 
no evidence of reed encroachment.  
Mtwalume   M  D 20  10   C 
Agriculture in floodplain, 3 bridges all with embankments, 
invasive alien species and minor residential development 
(Cooper et al.,1993). Present: some change in macrophyte 
habitats as a result of bridges and other developments.  
Mvuzi   M  C 30    5 C 
Near pristine, aside from 2 bridges, invasive species and a few 
houses (Cooper et al.,1993). Present: road near mouth would 
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Comments 
have caused some changes and severe disturbance evident in 
the upper reaches. 
Fafa G  G  D 20    20 D 
Floodplain impacted by: a campsite, 1 bridge, mouth 
manipulation from a weir and invasive species (Cooper et 
al.,1993). Present: Disturbance upstream from N2 road 
bridges and sand mining. Disturbances possibly caused some 
shallowing and reed encroachment.  
Mdesingane F  G  C 35 5   20 E 
Conservation potential (Begg, 1984). Weir, low bridge, 
moderate water turbidity and a car park (Cooper et al.,1993). 
Present: weir, roads and bridges have had severe impacts on 
the small estuary.  
Sezela HD  M  D 25 5    C 
Small dam to supply township (Begg, 1978). Sugar mill on 
north bank (Cooper et al,. 1993). Present: habitat loss on north 
bank, some loss of reed area due to development. 
Mkumbane   M  C 45    5 D 
Largely undeveloped, invasive vegetation (Cooper et al.,1993). 
Present: disturbance in the floodplain due to agriculture, 
possibly some eutrophication and reed expansion. 
Mzinto G    C 40     D 
Conservation potential (Begg, 1978). Undeveloped but most of 
floodplain under bananas and sugarcane cultivation. 20 % of 
the banks stabilised with fill (Cooper et al,. 1993). Present: 
Loss of habitat due to development, upstream disturbance due 
to N2 road bridge. 
Nkomba     C 30     C Present: some upstream development. 
Mzimayi   M  C 20    10 D 
Nearly pristine apart from 10% of the bank composed of solid 
fill, 2 bridges, and the presence of invasive species (Cooper et 
al.,1993). Present: Some reed encroachment. 
Mpambanyoni HD  M  C 40     D 
Virtually no vegetation due to agricultural development in the 
floodplain (Begg, 1978).  
Mahlongwa G  M  C 35   5  D 
Floodplain mostly undeveloped (Cooper et al. 1993). Present: 
floodplain development has led to habitat loss. 
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Mahlongwane  M M  B 40     D 
 25 % of the floodplain utilised for agriculture and 10 % 
stabilised with solid fill. Estuary mouth has been stabilised by 
the railway bridge. Access to the estuary is difficult hence good 
condition. (Cooper et al.,1993) Present: loss of macrophyte 
habitat due to developments. 
Mkomazi HD M M  C 30  5 5  D 
Industrial and agricultural land-use in the floodplains, 10 % of 
the banks stabilised. Exotic vegetation a moderately severe 
problem (Cooper et al.,1993). Present: macrophyte habitat 
loss due to development, disturbance and alien vegetation in 
floodplain. 
Ngane F M G  B 35   5  D 
Mainly undeveloped, aside from bridges. Exotic vegetation 
present and a high turbidity system (Cooper et al.,1993). 
Present: upstream disturbance and habitat loss.  
Umgababa G M   B 40     C 
Floodplain mostly undeveloped, aside from 4 bridges (Cooper 
et al.,1993). Present: loss of habitat due to disturbance.  
Msimbazi G M G  B 25   5 5 D 
Floodplain mostly undeveloped, aside from 4 bridges (Cooper 
et al.,1993). Present: floodplain developments and changes in 
channel morphology in response to N2 road bridges and 
infilling.  
Lovu F L M  C 30   5 5 D 
Agricultural and residential developments within floodplain as 
well as 4 bridges crossing the system (Cooper et al.,1993). 
Present: loss of habitat due to floodplain disturbance, possibly 
some reed encroachment. 
Little Manzimtoti HD H M  D 30  10   E 
Development in floodplain, 4 bridges, alien invasives (L. 
camara and C.odorata) (Cooper et al.,1993).  
Manzimtoti D M P  D 40 20 10   E 
Commercial development covers entire floodplain. 5 low 
bridges and presence of P. striatiodes. Development 
surrounds the estuary (Cooper et al,. 1993).  
Mbokodweni HD H P  E 50 10 10   E 
Alien invasive aquatics (Eicchornia and Pistia) recorded. 
Numerous developments within floodplain, namely: a golf 
course, residential and the Prospecton Industrial Area. The 
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mouth is also stabilised (Cooper et al.,1993). Present: 
Complete loss of habitat due to developments.  
Sipingo  H P  F 45 20  5  F 
Formal residential and commercial activities (Prospecton 
Industrial works with a canalised sewage works located 
upstream) in the floodplain. 50 % of banks stabilised. Litter, 
invasive species, persistent sewage smell (Cooper et 
al.,1993). Present: extreme loss of habitat and some 
macrophyte changes due to eutrophication. 
Durban Bay  H   E 70   20  F Reclamation and dredging (Begg 1978). 
Mngeni  H M  D      F 
Golf course in floodplain, 4 bridges, mouth stabilised, 
surrounded by developments (Cooper et al. 1993). 
Mhlanga G H G  D 25  10   C 
Reed swamp conversion to secondary grasslands. Bridge and 
embankment near the coast, exotic vegetation (Cooper et al. 
1993).  
Mdloti P H M  D 65  10   E 
2 Bridges, residential development (Cooper et al. 1993). Alien 
invasive aquatics (Azolla sp., E. crassipes and P. stratoides) 
recorded (Begg 1978). Dam present. 
Tongati HD H   E      E 
Sugarcane encroachment, bridge near mouth, invasive 
species including water hyacinth (Cooper et al. 1993).  
Mhlali   G  C 40     D 
Sugarcane encroachment and weir across the estuary (Begg 
1978). Near pristine condition (Cooper et al. 1993). Present: 
extensive transformation in floodplain mainly due to 
agriculture. 
Bob's Stream     C 30     C Present: some habitat transformation. 
Seteni     C 30  10   C 
Near pristine health aside from some invasive plants (Cooper 
et al. 1993). Essentially undisturbed but sugarcane 
encroaching and severe siltation (Begg 1978). 
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Comments 
Mvoti D  M  D 30 10 10   D 
Prolific bird life. 3 bridges, severe algal blooms and invasive 
vegetation (Cooper et al. 1993). Present: major impacts from 
agriculture, invasives and disturbed riparian zones. 
Mdlotane G  G  B 20     B 
Potential for conservation Begg 1978). Exotic vegetation 
(Cooper et al. 1993).  Present: disturbance from surrounding 
development, recent fish kill possible indication of 
eutrophication.  
Nonoti     B 30 30    D 
Sugarcane encroachment, proposed dam, artificially breached 
(Begg 1978). Exotic vegetation (Cooper et al. 1993). Present: 
sugarcane to edge of estuary, some habitat loss and signs of 
eutrophication.  
Zinkwasi P  M  C 20    15 C 
Sugarcane encroachment, caravan park at mouth and exotic 
vegetation (Cooper et al. 1993). Sandbar artificially breached, 
reeds encroaching into water course. Decrease in riverine 
vegetation. 
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Plate 7.1: 1937 and 2009 aerial photographs for (a). Mzumbe, (b). Mhlungwa and (c). 
Mhlabatshane estuaries. Red line indicates the 5 m contour. 
a) 
b) 
c) 
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Plate 7.2: 1937 and 2009 aerial photographs (a). Intshambili, (b). Mhlangamkulu and (c). 
Damba estuaries. Red line indicates the 5 m contour. 
a) 
b) 
c) 
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Plate 7.3: 1937 and 2009 aerial photographs (a). Mahlongwa and (b). Mahlongwana and 
(c). Ngane estuaries. Red line indicates the 5 m contour. 
a) 
b) 
c) 
150 
 
1937 2008 
 
 
 
 
 
 
 
Plate 7.4: 1937 and 2009 aerial photographs (a). Msimbazi, (b), Lovu and (c). Mhlali 
estuaries. Red line indicates the 5 m contour. 
a) 
b) 
c) 
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Plate 7.5: 1937 and 2009 aerial photographs (a). Mtamvuna, (b). Kandandhlovu and (c). 
Mpenjati estuaries. Red line indicates the 5 m contour. 
1937 2008 
 
 
 
a) 
b) 
c) 
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Plate 7.6: 1937 and 2009 aerial photographs (a). Kaba, (b). Bilanhlolo and (f). Fafa 
estuaries. Red line indicates the 5 m contour. 
a) 
b) 
c) 
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Plate 7.7: 1937 and 2009 aerial photographs of (a). Umgababa and (b). Little 
Amanzimtoti Estuary. Red line indicates the 5 m contour. 
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Table 7.3: Indigenous plant species composition in 2014 of the eight estuaries that were assessed at an intermediate level. 
Reeds and sedges Swamp forest 
Jun_effu Juncus effuses L. Trees 
Phr_aust Phragmites australis (Cav.) Steud. Bar_race Barringtonia racemosa (L.) Roxb 
Phr_maur Phragmites mauritianus Kunth Bri_micr Bridelia micrantha (Hochst.) Baill. 
Sch_scir Schoenoplectus scirpoides (Schrad.) J. Browning Fic_tric Ficus trichopoda Baker 
Typ_cape Typha capensis (Rohrb.) N.E. Br. Hib_tili Hibiscus tiliaceus L. subsp. tiliaceus 
Mangroves Pho_recl Phoenix reclinata Jacq. 
Trees Rau_caff Rauvolfia caffra Sond. 
Bru_gymn Bruguiera gymnorrhiza (L.) Lam. Shrub/herbs 
Ferns Cen_asia Centella asiatica (L.) Urb. 
Acr_aure Acrostichum aureum L. Cyn_obtu Cynanchum obtusifolium L.f. 
Other Ipo_(L.) Ipomoea (L.) Sweet cairica var. cairica 
Cyp_brev Cyperus brevis Boeck Neo_wigh Neonotonia wightii (Wight. Ex Arn.) J.A. Lackey 
Cyp_nata Cyperus natalensis Hochst. Rho_rhom Rhoicissus rhomboidea (E. Mey ex Harv.) Planch. 
Cyp_text Cyperus textilis Thunb. Sca_mult Scadoxus multiflorus (Martyn) Raf. subsp. multiflorus 
Ela_ambi Elatine ambigua Wight 
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Ferns Mae_lanc Maesa lanceolata Forssk. 
Che_viri Cheilanthes viridis Sw. var. viridis Mim_caff Mimusops caffra E.Mey. ex A.DC. 
Mic_scol Microsorum scolopendria (Burm.f) Copel. Sch_lati Schotia latifolia Jacq. 
Coastal forest/ terrestrial vegetation Scu_myrt Scutia myrtina (Burm.f.) Kurz 
Trees Sea_chir Searsia chirindensis (Baker f.) Moffett 
Aco_oppo Acokanthera oppositifolia (Lam.) Codd Sea_pyro Searsia pyroides var. pyroides 
Alb_adia Albizia adianthifolia (Schumach.) W. Wight var. adianthifolia  Sid_iner Sideroxylon inerme L. subsp. inerme 
All_nata Allophylus natalensis (Sond.) De Winter Van_infa Vangueria infausta Burch. subsp. infausta 
Bra_disc Brachylaena discolor DC. var. discolour Shrubs/herbs 
Bra_elli Brachylaena elliptica (Thunb.) DC. Asp_sp. Asparagus L. sp. 
Cel_afri Celtis africana Burm.f. Bar_obtu Barleria obtusa Nees 
Dom_rotu Dombeya rotundifolia (Hockst.) Planch. var. rotundifolia Ber_berg Berkheya bergiana Sӧderb. 
Ery_lysi Erythrina lysistemon Hutch. Can_rose Canavalia rosea (Sw.) DC. 
Euc_nata Euclea natalensis subsp. natalensis Car_macr Carissa macrocarpa (Eckl.) A.DC.  
Hip_pauc Hippobromus pauciflorus (L.f.) Radlk. Cha_mimo Chamaecrista mimosoides (L.) Greene 
Ile_miti Ilex mitis (L.) Radlk var. mitis Chr_moni Chrysanthemoides monilifera (L.) Norl. subsp. monilifera 
Mac_bell 
Mackaya bella Harv. 
Com_afri Commelina africana var. africana 
Dig_sp. Digitaria Haller sp. 
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Kal_Adan Kalanchoe Adans. sp. Eup_hirt Euphorbia hirta L. 
Lan_Thun 
Lantana Thunb. Rugosa 
Ele_cora 
Eleusine coracana (L.) Gaertn. subsp. africana (Kenn-
O’Byrne) HIlu & de Wet 
Per_deci Persicaria decipiens (R.Br.) K.L. Wilson Opl_hirt Oplismenus hirtellus (L.) P. Beauv. 
Ple_L’Hé Plectranthus L’Hér.sp. Pan_maxi Panicum maximum Jacq. 
Pol_myrt Polygala myrtifolia L. Pan_nata Panicum natalense Hochst. 
Pro_simp Protea simplex E. Phillips Pas_sp. Paspalum L. sp. 
Sen_mito Senecio mitophyllus C. Jeffrey Pen_nata Pennisetum natalense Stapf. 
Sta_urti Stachytarpheta urticifolia (Salisb.) Sims Set_P. B Setaria P. Beauv sp. 
Sid_rhom Sida rhombifolia L. subsp. rhombifolia Set_lind Setaria lindenbergiana (Nees) Stapf 
Sol_acul Solanum aculeatissimum Jacq. Set_mega Setaria megaphylla (Steud.) T.Durand & Schinz 
Str_Nico Strelitzia Nicolai Regel & Kӧrn. Spo_fimb Sporobolus fimbriatus (Trin.) Nees 
Climbers Spo_R.Br Sporobolus R.Br. sp. 
Abr_prec Abrus precatorius L. subsp. africanus Verdc. Ste_secu Stenotaphrum secundatum (Walter) Kuntze 
Lag_spha Lagenaria sphaerica (Sond.) Naudin The_tria Themeda triandra Forssk. 
Grasses     
Cyn_dact Cynodon dactylon (L.) Pers.   
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Table 7.4: Exotic plant species present at the eight estuaries of the Mvoti-Mzimkulu Water Management Area that were assessed at an intermediate 
level. 
Code Species Family Common name 
NEMBA and 
CARA 
categories 
Age_cony Ageratum conyzoides L. Asteraceae Blueweed 1b, 1 
Age_houst Ageratum houstonianium Mill. Asteraceae Toad’s curse 1b, 1 
Aru_dona Arundo donax L.  Poaceae Giant/Spanish reed 1 
Ama_hybr Amaranthus hybridus L. subsp. hybridus var. hybridus Amaranthaceae Smooth Amaranth/ Pigweed  
Amb_arte Ambrosia artemisiifolia L. Asteraceae Common ragweed  
Car_gran Cardiospermum grandiflorum Schwartz Sapindaceae Balloon vine 1b, 1 
Chr_odor Chromolaena odorata (L.) R.M.King & H.Rob.  Asteraceae Triffid weed 1 
Con_bona Conyza bonariensis (L.) Cronquist Asteraceae Hairy fleabane  
Con_suma Conyza sumatrensis (Retz.) E.Walker var. sumatrensis Asteraceae Tall fleabane  
Ipo_alba Ipomoea alba L. Convolvulaceae Moonflower 1 
Ipo_indi Ipomoea indica (Burm.f.) Merr. Convolvulaceae White moonflower 1b, 1 
Ipo_purp 
Ipomoea purpurea L. Roth Convolvulaceae Morning glory 3 
Lan_cama Lantana camara L. Verbenaceae Lantana 1 
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Med_sp. Medicago sp. L. Fabaceae Medick/burclover  
Mel_azer 
Melia azedarach L.  Meliaceae Syringa berry 
1b, 3 in urban 
areas. 
Pas_dila Paspalum dilatum Poir. Poaceae Common paspalum  
Phy_visc Physalis viscosa L. Solanaceae Starhair groundcherry  
Ric_bras Richardia brasiliensis Gomes Rubiaceae Mexican clover  
Rub_cune Rubus cuneifolius Pursh Rosaceae American bramble 1 
Sch_tere Schinus terebinthifolius Raddi  Anacardiaceae Brazilian Pepper Tree 1b 
Sen_didy Senna didymobotrya (Fresen.) Irwin & Barneby Fabaceae Peanut Butter Bush 1b 
Ses_puni Sesbania punicea (Cav.) Benth. Fabaceae Brazilian glorybean 1b, 1 
Sol_maur Solanum mauritianum Scop. Solanaceae Bugweed  
Sph_trib Sphagneticola trilobata (L.) Pruski Asteraceae Singapore Daisy, Creeping Oxeye  
Syn_podo Syngonium podophyllum Schott Araceae Arrowhead vine  
Tep_purp Tephrosia purpurea (L.) Pers. subsp. purpurea Fabaceae Wild indigo  
Xa_stru Xanthium strumarium L. Asteraceae Large cocklebur 1 
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Figure 7.1: Species distribution along transects at Mtamvuna Estuary. 
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Figure 7.2: Species distribution along transects at Kandandhlovu Estuary. 
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Figure 7.3: Species distribution along transects at Mpenjati Estuary.
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Figure 7.4: Species distribution along transects at (left) Kaba and (right) Bilanhlolo estuaries.
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Figure 7.5: Species distribution along transects at Fafa Estuary. 
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Figure 7.6: Species distribution along transects at Umgababa Estuary. 
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Figure 7.7: Species distribution along transects at Little Amanzimtoti Estua
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Table 7.5: Full 2013 native plant species list for the Mkomazi Estuary. 
Species Family Common name Distribution in 2014 
Trees 
Acacia karroo Hayne Fabaceae Sweet thorn Upper reaches. 
Acalypha glabrata Thunb. Euphorbiaceae 
Forest false-
nettle 
North bank in the middle to upper 
reaches. 
Avicennia marina (Forssk.) Vierh Verbenaceae White mangrove South bank at the mouth. 
Brachylaena discolor DC. Asteraceae Coast Silver oak Both banks in the middle reaches. 
Bruguiera gymnorrhiza (L.) Lam. Rhizophoraceae 
Cigar/ black 
mangrove 
Both banks, near mouth. 
Erythrina lysistemom Hutch. Fabaceae Coral tree 
Fringing the water in the middle to 
upper reaches. 
Hibiscus tiliaceus L. Malvaceae Lagoon hibiscus Fringes the south bank. 
Shrubs/climbers/herbs 
Centella asiatica (L.) Urb. Apiaceae Pennywort 
Disturbed south bank near the 
sand mining activities. 
Chrysanthemoides monilifera (L.) T. 
Norl. subsp. rotundata (DC.) 
Asteraceae Bush tick berry 
Disturbed coastal forest on the 
north bank at the mouth. 
Commelina diffusa Burm.f. subsp. 
diffusa 
Commelinaceae 
Climbing 
dayflower 
Disturbed south bank near the 
sand mining activities. 
Conyza scabrida DC. Asteraceae Oven bush 
Disturbed south bank near the 
sand mining activities. 
Phoenix reclinata Jacq. Arecaceae Wild date palm 
Both banks, mainly in the lower 
reaches. 
Ipomoea cairica (L.) Sweet Convolvulaceae 
Coastal morning 
glory 
Creeper abundant on trees 
fringing the estuary. 
Ipomoea pes-capre (L.) R. Br. 
Subsp. brasiliensis (L.) Van Ooststr. 
Convolvulaceae 
Beach morning 
glory, Goat’s 
foot 
On the sandflats north of the 
estuary mouth.  
Juncus effuses L. Juncaceae  
Fringes the open water between 
patches of P.australis and P. 
mauritianus. 
Juncus kraussii Hochst. Juncaceae Dune slack rush 
Fringes the open water between 
patches of P.australis and P. 
mauritianus. 
Lactuca serriola L. Asteraceae 
Prickly/ wild 
lettuce 
Disturbed areas. 
Laportea penduncularis (Wedd.) 
Chew subsp. peduncularis 
Urtiaceae River nettle Found in disturbed areas. 
Priva meyeri Juab & Spach var 
meyeri 
Vernenaceae Blaaskits North bank in the coastal forest. 
Scaevola plumieri (L.) Vahl Goodeniaceae Seeplakkie 
On the sandflats north of the 
mouth. 
Senecio deltoideus Less. Asteraceae  Growing amongst coastal forest. 
Graminoids 
Cyperus albostriatus Schrad. Cyperaceae  
Interspersed with reed habitat in 
the middle and upper reaches. 
Cyperus brevis Boeck Cyperaceae  
Interspersed with reed habitat in 
the middle and upper reaches. 
Digitaria eriantha Steud. Poaceae Finger grass 
Growing on the south bank, 
particularly along the SAICCOR 
railway and pipelines. 
Echinochloa pyramidalis (Lam.) 
Hitchc. & Chase 
Poaceae Antelope grass 
Thick band interspersed with a 
few other grasses and weeds 
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Species Family Common name Distribution in 2014 
fringing the water channel in the 
middle reaches, particularly on 
the south bank. 
Kyllinga melanosperma Nees Cyperaceae  
Interspersed with reed habitat in 
the middle and upper reaches. 
Panicum maximum Jacq. Poaceae 
Common buffalo 
grass 
Both banks usually in disturbed 
areas such as along the railway 
line. 
Phragmites australis (Cav.) Steud. Poaceae Common reed 
Fringed the open water, 
particularly in the lower reaches. 
Schoenoplectus scirpoides 
(Schrad.) J. Browning 
Poaceae  
Interspersed with other reed and 
sedge species fringing the open 
water. 
Phragmites mauritianus Kunth Poaceae Lowveld reed 
Intermixed with P. australis, 
fringes the open water. 
Setaria megaphylla (Steud.) Dur & 
Schinz 
Poaceae 
Broad leaved 
setaria 
Interspersed with other grasses 
fringing the water channel in the 
middle reaches.  
Sporobolus virginicus (L.) Kunth Poaceae Brakgras 
Along the sandflats north of the 
mouth of the estuary. 
Stenotaphrum secundatum (Walt.) 
Kuntze 
Poaceae Buffalo grass 
Fringing the open water in the 
middle reaches. 
Typha capensis (Rohrb.) N.E. Br. Poaceae Bulrush 
Growing amongst reeds and 
sedges particularly on the south 
bank of the disturbed upper 
reaches. 
 
Table 7.6: Exotic plant species composition in 2013 for the Mkomazi Estuary. Categories refers 
to the extent of invasiveness obtained from CARA (DoA, 2011) and NEMBA (DEA, 2014). 
Species Family 
Common 
name 
Categories Distribution in 2013 
Acacia mearnsii De 
Wild. 
Fabaceae Black wattle 2 
 Tall individuals in the middle and 
upper reaches.  
Ageratum conyzoides 
L. 
Asteraceae Blueweed 1b, 1 
In disturbed areas, e.g. at the 
sand mining activities near the 
SAICCOR factory. 
Ageratum 
houstonianium Mill. 
Asteraceae Toad’s curse 1b, 1 
In disturbed areas, e.g. at the 
sand mining activities near the 
SAICCOR factory. 
Arundo donax L.  Poaceae 
Giant/Spanish 
reed 
1 
 Interspersed with Phragmites 
reeds in the middle and upper 
reaches.  
Casuarina 
equisetifolia L.  
Casuarinaceae 
Horsetail tree 
(beefwood) 
2 
Large trees present on the north 
bank at the mouth of Mkomazi 
Estuary. 
Ipomoea purpurea L. 
Roth 
Convolvulaceae Morning glory 3 
Creeper abundant on trees 
fringing the estuary. 
Melia azedarach L.  Meliaceae Syringa berry 1b, 
 Present on the north bank in the 
upper reaches and rock face. 
Paspalum dilatum 
Poir. 
Poaceae 
Common 
paspalum 
 
Occurred on the both banks 
usually in disturbed areas such 
as along the railway line. 
Paspalum urvillei 
Steud. 
Poaceae 
Giant 
paspalum 
 
 Interspersed with other grass 
species on the banks fringing the 
open water in the middle reaches.  
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Table 7.7: Full 2013 native plant species composition for the Mvoti Estuary. 
Species Family Common name Distribution in 2013 
Trees 
Brachylaena discolor DC. Asteraceae Coast silver oak 
Both banks in Coastal Forest 
vegetation. 
Barringtonia racemosa (L.) 
Roxb. 
Lecythidaceae  South bank near the mouth. 
Erythrina lysistemon Hutch.  Fabaceae Coral tree 
Reed habitat in the middle 
reaches of the estuary. 
Hibiscus tiliaceus L. subsp. 
tiliaceus 
Malvaceae Lagoon hibiscus 
Occurred near B. racemosa on 
the south bank. 
Shrubs/herbs/climbers 
Barleria obtusa Nees. Acanthaceae Klapperbossie 
Disturbed floodplain on the 
south bank near the mouth. 
Canavalia ensiformis (L.) DC. Fabaceae Jack bean Sandbanks at the mouth. 
Carissa macrocarpa (Eckl.) 
A.DC. 
Apocynaceae Natal plum 
Coastal forest vegetation on the 
north bank. 
Commelina africana L. var. 
africana 
Commelinaceae Wandering jew 
Growing on the dunes at the 
mouth. 
Gazania rigens var. uniflora Asteraceae Dune gazania 
Growing on the dunes at the 
mouth. 
Ipomoea pres-capre (L.) R.Br. 
subsp. brasiliensis 
Convolvulaceae Goat’s foot 
Growing on the dunes at the 
mouth. 
Laportea peduncularis (Wedd.) 
Chew subsp. peduncularis 
Urticaceae  
Disturbed floodplain on the 
south bank near the mouth. 
Nymphaea nouchali Burm.f. var. 
caerulea (Savigny) Verdc. 
Nymphaceae 
Blue Egyptian 
water lily 
Present in the freshwater pools 
north of the mouth. 
Persicaria decipiens (R.Br.) 
K.L.Wilson 
Polyganaceae  
Disturbed floodplain on the 
south bank near the mouth. 
Scaevola plumieri (L.) Vahl Goodenaceae Seeplakkie 
Growing on the dunes at the 
mouth. 
Senecio tamoides DC. Asteraceae Canary Creeper 
Disturbed floodplain on the 
south bank near the mouth. 
Sida rhombifolia L. subsp. 
rhombifolia 
Malvaceae Koekbossie 
Growing on the dunes at the 
mouth. 
Graminoids 
Phragmites australis (Cav.) 
Steud. 
Poaceae  
Monospecific stands covering 
most of the floodplain, 
particularly in the lower 
reaches. 
Phragmites mauritianus Kunth Poaceae Dekriet 
Monospecific stands covering 
most of the floodplain, 
particularly in the lower 
reaches. 
Ricinus communis L.  Euphorbiaceae Castor oil tree 2 
In the disturbed area surrounding 
the SAICCOR Factory. 
Rumex crispus L. Polyognaceae Curly dock  
 Disturbed sandflats north of the 
mouth. 
Schinus 
terebinthifolius Raddi  
Anacardiaceae 
Brazilian 
pepper tree 
1b Abundant along the water’s edge. 
Senna didymobotrya 
(Fresen.) Irwin & 
Barneby 
Fabaceae 
Peanut butter 
bush 
1b 
Occurred along the north bank in 
the middle reaches. 
Sesbania punicea 
(Cav.) Benth. 
Fabaceae 
Brazilian 
glorybean 
1b, 1 
Occurred along the north bank in 
the middle reaches. 
Solanum mauritianum 
Scop. 
Solanaceae Bugweed  
In the disturbed area surrounding 
the SAICCOR Factory. 
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Species Family Common name Distribution in 2013 
Schoenoplectus scirpoides 
(Schrad.) Browning 
Cyperaceae  
Stands in the freshwater pools 
north of the mouth.  
Setaria sphacelata (Schumach.) 
Stapf & C.E.Hubb. ex M.B.Moss 
var. sphacelata 
Poaceae 
Common bristle 
grass 
Disturbed habitat throughout 
the estuary. 
Sporobolus africanus (Poir.) 
Robyns & Tournay 
Poaceae  
Fringing the water channel in 
the middle and upper reaches. 
Stenotaphrum secundatum 
(Walter) Kuntze 
Poaceae Buffelsgras 
Fringing the water channel in 
the middle and upper reaches. 
Typha capensis (Rohrb.) N.E.Br. Poaceae Bulrush 
Disturbed floodplain on the 
south bank near the mouth. 
 
Table 7.8: Exotic plant species composition for Mvoti Estuary in 2013. Categories refers to the 
extent of invasiveness obtained from CARA (DoA, 2011) and NEMBA (DEA, 2014). 
Species Family 
Common 
Name 
Categories Distribution in 2013 
Ageratum conyzoides L. Asteraceae Blueweed 1b 
Disturbed reed habitat in the 
lower reaches.  
Arundo donax L.  Poaceae 
Giant/ 
Spanish reed 
1 
Disturbed reed habitat in the 
lower reaches. 
Bidens bipinnata L. Asteraceae Blackjack  
Disturbed south bank near the 
mouth. 
Casuarina equisetifolia L.  Casuarinaceae 
Horsetail 
tree 
2 
Amongst Coastal Forest on 
both banks. 
Coix lacryma-jobi L. Poaceae Job’s tears  
Present in the disturbed reeds 
and sedges habitat north of 
the estuary. 
Conyza bonariensis (L.) 
Cronquist 
Asteraceae 
Gallsick 
bush 
 
Disturbed land on the south 
bank. 
Eichhornia crassipes 
(Mart.) Solms 
Pontederiaceae 
Water 
hyacinth 
1 
Near the mouth of the estuary 
and the pools of freshwater 
north of the estuary. 
Ipomoea purpurea (L.) 
Roth 
Convolvulaceae  3 
Climbing on swamp forest, 
widely distributed. 
Lactuca serriola L. Asteraceae 
Prickly 
lettuce 
 
Undergrowth of reeds on the 
sandflats at the mouth. 
Lantana camara L.  Verbenaceae   
Reed habitat on the sandflats 
at the mouth. 
Melia azedarach L. Meliaceae 
Syringa 
berry 
1b, 3 in 
urban 
areas. 
Forms bushclumps amongst 
reed habitat. 
Opuntia ficus-indica (L.) 
Mill. 
Cactaceae 
Sweet 
Prickly pear 
1b 
Disturbed coastal forest on 
the south bank below the Jex 
Estate. 
Paspalum notatum Flüggé Poaceae Bahia grass  Fringing the water channel. 
Plantago major L. Plantaginaceae 
Broadleaf 
plantago 
 
Present amongst the dune 
vegetation. 
Rumex crispus L. Polyognaceae Curly dock  
Dune vegetation- undergrowth 
of reeds and sedges. 
Schinus terebinthifolius 
Raddi 
Anacardiaceae 
Brazilian 
pepper tree 
1b 
Forms bushclumps amongst 
the reed habitat, particularly in 
the middle reaches. 
Senna didymobotrya 
(Fresen.) Irwin & Barneby 
Fabaceae 
Peanut 
butter bush 
1b 
Fringing the water channel by 
the N2 road bridge. 
Sesbania punicea (Cav.) 
Benth. 
Fabaceae 
Brazilian 
glorybean 
1b 
Forms bushclumps amongst 
reed habitat. 
 
